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Microinterferogram of a surface etch pit in germanium. 


se Current Feedback in 
rransistor Power Amplifier Design 


nsistor Bilateral Switches, Part 2 


junction Transistor Test Set 


\ ACTUAL SIZE 


\ 
T/| GERMANIUM POWER TRANSISTORS 


You get high current gain and power output with linear 
transconductance and extremely low distortion when you 
specify Tl PNP germanium power transistors. Assurance 
of performance as specified results from checking I¢q 
at half as well as full rated voltage, and by checking beta 
again at low voltage (Vo¢ =1.5V) and at.two current 
ratings (1 amp and 5 amps). Ideally suited for your audio 
-amplifier, current switching, and power conversion appli- 
cations, Tl 2N456, 2N457, and 2N458 germanium power 
transistors dissipate 50 watts with —40, —60, and 
—80Vogo ratings... BVogo ratings average 20 volts 
higher for each transistor. 

Check the specifications below for the unit most Ic— COLLECTOR CURRENT — AMPERES 
appropriate to your particular requirements. 


TRANSFER RATIO 


DISSIPATION DERATING CURVE 


TYPICAL THERMAL RESISTANCE 11.1 °C/W = 
‘ ‘ 1 ‘ 
MAXIMUM THERMAL RESISTANCE - 1.4 °C/W ome 


vy -0 -10 


Vee = —15V) 010s 
Ce )DhC)hmcmcUrté“‘“(i‘“‘“ tOtOCSCODhtC~C~C<C« ett 
Common-Emitter Saturation Resistance / se 
_ Ue = —5.0A, 1g = —1.0A) _ 0.048 0.048 80.048 
__ Thermal Resistance from Collector | : _ 
Junction to Mounting Base : ; 
_* Temperature is measused on mounting base. se | MOUNTING BASE TEMPERATURE 
_ 4 For operation at higher temperatures refer to the Derating Curve. : : 


MAXIMUM DISSIPATION — WATTS - 


___ AVAILABLE NOW IN PRODUCTION QUANTITIES 
NEW 310,000 sq. ft. SEMICONDUCTOR-COMPONENTS DIVISION HOME 


TEXAS INSTRUMEN 
INCORPORATED 
% ‘ SEMICONDUCTOR - COMPONENTS DIVISION 
= = = = = POST OFFICE BOX 312 e DALLAS, TEXAS | 
VANCED FACILITIES FOR THE-MOST ADVANCED COMPONENTS... T0 MAKE YOUR GOOD PRODUCTS BETTER __ 
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LEVEE EIS e E Pa Tiny eS 


Micro-Matic Precision Wafering Machine—Fully Automatic Model WMA with repetitive indexing 
facilities. Using a 4°‘, 5‘’ or 6‘ diamond wheel, it produces wafers consistent in thickness and 
parallelism to within .0005‘‘ total variation. Semi-automatic models also available. 


USED BY THE “WHO’S WHO” oF 
THE SEMI-CONDUCTOR INDUSTRY 


MICRO-MATIC 


PRECISION WAFERING MACHINES 


PAT. APPLIED FOR 


FOR AEs SRESEALSING MATERIALS 


MICROMECH MFG. CORP. 
1020 Commerce Ave. 


Union, N. J. 


Please send specifications, illustrated details and prices on Micro-Matic Precision 


Wafering Machines and accessories. 


NAME 


TITLE 


COMPANY. 


ADDRESS 


i) Se ea eS es STATE. 


MICRO-MATIC PRECISION WAFERING MACHINE! 


ARE DESIGNED FOR VERY THIN SLICING AND DICING OF SEMI-CI 


DUCTORS AS WELL AS OTHER HARD, DIFFICULT-T0-CUT MATER WN 


A FINE, BASIC MACHINE TOOL DESIGN PLUS A UNIQUE CON i 
SYSTEM INSURE THE HIGHEST DEGREE OF PRECISION AND ECON I 


ST MICRO-MATIC ACCESSOR’ 
; INDEXING | ee oe | 
FACILITIES 


The Micro-Matic Model WMA was 
the first machine of its kind to 
offer accurate repetitive indexing 
to a predetermined thickness. This 
special Micro-Matic feature as 
well as many others resulted from 
Micromech’s experience and con- 
stant awareness of the growing 
needs of the semi-conductor 
industry. 


IMPROVED 
““WHEEL SAVER” 
FLANGES 


OON Used in conjunction with 
@ a single diamond cutting 
wheel to supply coolant at 


the point of contact between 


COMPLETE the wheel and the work. 

OPTICAL 

ORIENTATION Vv * 

SYSTEM a ORIENTA 

ace rs FIXTURES | 
FIRST CLASS 
Permit No. 284 
' Union, N. J. 


BUSINESS REPLY CARD 


NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 


—POSTAGE WILL BE PAID BY— 


MICROMECH MFG. CORP. 


1020 Commerce Avenue 


Union, N. J. 


< 


hese ah oy epoxy cases 
onfigurations 


EPOXY SHEET—Molded epoxy sheets in a variety of 
thicknesses. When heated to 125°F this material 
can be formed and cut. Ideal for prototype pack 
aging and short runs 


Aq 


E-FORM CASTING POWDERS — Pisin resin and 
hardener ideally suited for prototype or short runs 
Melts as low as 85°C or as high as 145°C for fast 
curing. 


E-FORM PELLETS—All casting powders can be com 
pressed into pre-metered pellets for production 
applications. Many pellet sizes available. 


EPOXY LIQUID AND HARDENER — If application will 
not tolerate elevated temperatures, liquid resins 
and hardeners will cure at room cemperature 
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FORMS OF EPOXY 


will solve any 


component encapsulation 


problem! 


Shells, sheeting, powder, pellets, liquid—EPOXY 
PRODUCTS can provide the right form of epoxy to 
solve your component encapsulation problem. Using 
these 5 basic forms (the widest line available today) 
we custom-build an epoxy unit that is just the right 
size, shape and quality for your component. 

Once the right encapsulating unit is developed, 

it can be produced in quantity immediately and 
placed on your production line. In short, no 

matter what type of component you are 
encapsulating, no matter what your facilities are 
now, there is an epoxy form and method just 

for you—from EPOXY PRODUCTS! Write today for 
complete technical data and literature. 


Test epoxy encapsulation 
in your own lab! 


A special kit containing generous 
samples ofall 5 forms of epoxy resin, 
plus instructions, is available. Use 
it to test epoxy encapsulation on your 
own products—right in your own lab! 
Only $9.93 from your distributor, 


PRODUCTS, INC. 


A Division of Joseph Waldman & Sons 
137 Coit Street, Irvington 11, New Jersey 
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100 mA 


PERCENT OF Hee AT Ic 


use 


ampere, 
high frequency 
switching 


RELIABLE COMPUTER TRANSISTORS 


100 


40 


TYPICAL CURRENT GAINS versus COLLECTOR CURRENT 


~ Normalized at Ic= 100 mA 
Vee=—0.35V 


T=25°C 


0.260" max 


Ic(mA) 


actual size 


200 400 


Punch 
through 
Voltage 

max. 


Typical values at 25°C unless otherwise indicated 


These new PNP Germanium Com 
process add to the already comp 


600 


B00 ee Os-konBase 


Hre, 
ave. 


TYPICAL COMPENSATING CAPACITY VALUES FOR STORAGE TIMES: 


LESS THAN 0.2 USEC. 


Ff 


100. 


Ss 
eee 
rom 
}—o G O-Y\AA—4 
20. 
po) 
200.n. 


Hre, 
ave. 


Ip = 1mA Ip = 10 mA 
Ver = —0.25v | Vcr = —0.35v 


which include several in the Submin (0.160” high, 0.13 


Silicon and Germanium Diodes and Transistors © Silicon Rectifiers 


Dissipation Coefficients: In air 0.35°C/mW; Infinite Sink 0.18°C/m! 


puter Transistors made by Raytheon’s reliable fusion-alloy 
rehensive line of Ra 


ytheon Reliable Computer Transistors 


0” dia.) package. Write for Data Sheets. 


})- SEMICONDUCTOR DIVISION 


Newton, Mass............55 Chapel St., Blgelow 4-75! 
New Yorks......0.0ccscce 589 Fifth Ave., Plaza 9-39 
Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-61 
Los Angeles: 5236 Santa Monica Blvd., NOrmandy 5-42 
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advantages of compounding transistors 
VISORY EDITORS 
i. John Dropkin Unijunction Transistor Test Set, b 
cio M. Vallese ansistor est et, VT, Po SyIVOn gente ae 25 
Be bevy Self contained test set which measures six parameters of the 
igh R. Lowry Unijunction transistor 
NTRIBUTING EDITORS Transistor Bilateral Switches, Part Il, 
7 E. Marrows by William M, Cook and Pier L. Bargellini ........... 28 
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00 West 43rd Street, 

Jew York 36, N. Y. 

Udson 2-4460 Front Cover 

Shown on the cover this month is a microinterferogram of a surface etch 
pit in germanium. This research technique, akin to topographic mapping, 


pe ons is used at Raytheon in basic studies of semiconductor materials. The speci- 


ed E. Schell, 

700 West 3rd Street, 
os Angeles 57, Calif. 
\Unkirk 2-4889 


fharles W. Hoefer, 
664 Emerson Street, 
‘alo Alto, Calif 


men was photographed through a two-beam interference microscope 
which forms the interference pattern between the light reflected from the 
etched surface and that reflected from a mirror serving as the reference 
surface. A thallium spectrum tube served as a monochromatic light source 
with a wavelength of 21.2 microinches. Each band spacing represents 
10.6 microinches. The deviations of the bands (in fractions of band 
spacings) indicate the depth of surface irregularities, like contour lines on 


MAvenport 4-2661 a topographic map. These deviaticns thus permit a quantitative interpre- 
tation of the topography or profile of the detail being observed. Depth 
of etch pit shown is 300 microinches; magnification is 1200X. 


CULATION 
ie eisner UCTS blished b hly by C Publish Led E d Ed | 
. 5 SEMICONDUCTOR PROD is publishe i-monthly by Cowan Publishing Corp, Executive an itoria 
Circulation Manager Offices: 300 West 43rd Street, New York 36, N. Y. Telephone: JUdson 2-4460. Subscription Price: $3.00 for 
} 1 J. Bind 6 issues, $5.00 for 12 issues in the United States, U. S. Possessions, APO, FPO, Canada and Mexico. All 
rol. binderman others: 6 issues $4.00; 12 issues $7.00. Single Copy 75¢. Accepted as controlled circulation publication at 
Ass‘t Circulation Mgr. Bristol, Conn. Copyright 1958 by Cowan Publishing Corp. 


POSTMASTER: SEND FORM 3579 to SEMICONDUCTOR PRODUCTS, 


‘ose Mercurio 
300 West 43rd STREET, NEW YORK 36, N. Y. 


Circulation Dept. 
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at 150°C! 


1500 Volts 400 ma 


Here for the first time is a 1500 volt rectifier proven 
in service at 150°C Case. Current levels up to 400 ma 
are handled by the TM155.. . the latest to join 
Transitron’s expanding family of high voltage silicon 
rectifiers. And now this entire high voltage series is 
priced more attractively than ever! 


Hermetically sealed in the standard %;” hex pack- 
age, these units are resistant to shock, vibration and 
environment changes. The new higher ratings make 
them useful in high voltage power supplies for magne- 
trons, klystrons, electronic precipitators and other 
applications requiring 600 volt output or higher. 


Send for our rectifier brochure, TE-1351. 


FEATURES 


@ NO DERATING AT 
HIGH TEMPERATURE 


@ HIGH POWER 
HANDLING ABILITY 


@ SMALL SIZE 
@ HERMETICALLY SEALED 


For still higher voltages at 
currents to 175 ma, Transitron 
makes rectifier assemblies in 
cartridges and in the convenient 
“2 W” axial lead package. 
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‘Tra ngitron 


electronic corporation 


=. 


Transistors Diodes Regulators) 


Maximum 
Inverse 
Operating 
Voltage 
(volts) 


wakefield, massachusetts 


Maximum 
Average 
Forward 
Current 

(ma) 


Maximum 
Average 
Inverse 
Current @ 
Full Load (ma) 


old Enterprise 


The last two decades have proved that smugness and 
omplacency not only do not pay off but often result 
1 loss of business and failure. Think of the many so- 
alled well established firms that have fallen by the 
rayside during this period—their business being 
aken over by comparatively new companies directed 
y men with boldness of enterprise! 

The transistor is a most potent tool in the possession 
f the bold and with this tool they can explore count- 
sss avenues of new processes and applications. Tran- 
istors are both a threat and a promise to well- 
stablished firms using yesterday’s components and 
ystems—a threat if these firms persist in burying 
neir heads in the sand and a promise of greater ex- 
ansion if they will make use of their established 
Ositions and dedicate a substantial portion of their 
ndeavors to making greater use of transistors in their 
roducts. 


onventions 


During the last few months of this year a number of 
rofessional meetings and symposiums on various 
hases of transistorization will take place throughout 
1e country. Among these are the annual conference 
n Electrical Techniques in Medicine and Biology to 
e held at Minneapolis, Minnesota November 19-21 
ponsored by IRE and AIEE; the 1958 Electronic 
Yevices Meeting to be held at Washington, D. C., on 
ctober 30, 31, and November 1st sponsored by 
GED of the IRE and the Eastern Joint Computer 
‘onference to be held at Philadephia on December 
-5 sponsored PGEC of the IRE, AIEE and ACN. 
hese conferences serve not only as a meeting place 
yr the exchange of ideas among scientists and engi- 
eers, but often are the inspiration for spectacular 
roducts of the future. We believe that too much 
ress is placed on commercialism at these conferences 
t the expense of the interchange of technical infor- 
ation and suggest that management would serve 

[Continued on page 60] 
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GIANT 


narda 
SONBLASTER 


Generator G-5001 
500 watts output 


Transducerized Tank NT-5001 
Capacity: 10 gallons 
Dimensions: 20” L x 1114” Wx 10” D 


Generator features tank selector and load selector 
switches on front panel to operate one or two NT-5001 
tanks alternately. Other combinations of tanks and sub- 
mersible transducers available from stock; larger tanks 
available on special order. 


132 


For mass-production cleaning and 
high capacity chemical processing! 


Here’s a new Narda SonBlaster ultrasonic cleaner with tremendous cavi- 
tation activity and generating capacity! Featuring full 500 watts output, 
this SonBlaster is available with a fully transducerized giant 10-gallon 
capacity tank. In addition, it will operate from six to 10 Model NT-605 
high energy submersible transducers, at any one time, in any arrange- 
ment in any shape tank you need up to 70-gallon volume. 


Install this new Narda SonBlaster, and immediately you'll start 
chalking up savings over costly solvent, vapor or alkaline degreasing 
methods! You'll save on chemicals and solvents, cut maintenance and 
downtime, eliminate expensive installations, save on floor space, and 
release labor for other work. But perhaps most important, you'll clean 
faster, cut rejects, and eliminate bottlenecks. 


Whether you’re interested in mass-production cleaning or degreas- 
ing of mechanical, electronic, optical, or horological parts or assemblies 
... rapid, quantity cleaning of ‘‘hot-lab’’ apparatus, medical instruments, 
ceramic materials, electrical components or optical and technical glass- 
ware...or in speeding up metal finishing and chemical processing of all 
types —you’ll find this new SonBlaster will do your work faster, better 
and cheaper. Write for more details now, and we'll include a free 
questionnaire to help determine the precise model you need. Address: 
Dept. SP-20. 

Consult with Narda for all your ultrasonic requirements. The 
SonBlaster catalog line of ultrasonic cleaning equipment ranges from 
35 watts to 2.5 KW, and includes transducerized tanks as well as immers- 
ible transducers which can be adapted to any size or shape tank you 
may now be using. If ultrasonics can be applied to help improve your 
process, Narda will recommend the finest, most dependable equipment 
available for immediate delivery from stock—and at the lowest price 
in the industry ($175 up)! 


For custom-designed installation and unique electro-acoustic 
applications, including cleaning, soldering, welding, drilling ana non- 
destructive testing, consult our subsidiary, Alcar Instruments, Inc., at 
the address below. 


CB) 
the narda 


ultrasonics 
corporation 


625 MAIN STREET, WESTBURY, L.1., N.Y. 
Subsidiary of The Narda Microwave Corporation 
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General Electric Semiconductor News 
New controlled rectifier does all the 


Magnetic 

| | Amplifier 
Circuit 
Breaker 


Contactor 


Maximum Allowable Ratings and Characteri 


Continuous Peak Inverse Voltage (PIV) 75 


Transient Peak Inverse Voltage (Non- 
recurrent >5 millisec) 

RMS Voltage (Vrms) 

Average Forward Current (IF) 

Peak One-cycle Surge Current (i surge) 
Minimum Forward Breakover Voltage (Veo) 
Maximum Forward Voltage (VF Ave.) 
Maximum Reverse Current (Ir) 

Maximum Gate Current To Fire (Icr) 
Mevimum Gate Voltage To Fire (Vcr) 


400 
210 


53 


Up to 16 amperes 
150 amperes 

25 1 40 1 75 | 100 i] 150 | 200 l 250 | 306 
0.75 Volts (Full Cycle Average) - 

5 ma (Full Cycle Average) 

25 ma 
3 Volts 


Finer performance of G-E low-current silicon rectifi 
now within reach for all your requirements 


The time has come to reconsider pc 
plications of G.E.’s outstanding lo 
silicon rectifiers in the 1N536, 1N¢ 
(150°C line) ... the 1N1487 Seri 
line) . and four recently adde 
the 100°C area, the new I1N16¢ 
You'll find these devices more att 
use than ever before—both in q@ 


MAXIMUM RATINGS AND SPECIFICATIONS 


D-C D-C 

Cont. | Output} Output 

RMS [Reverse] (150°C] (50°C 
oltage|D-C Volt} Amb.) | Amb.) 


Full-Load 

Forward Ambient 

Voltage | Leakage | Operating 
Drop Current Temp. 


One- 

cycle 

Surge 
Current 


1N536-40, 


0.4-0.3 | 165 
1N1095-96 series 


50-600] 35-420} 50-600}250 750 0.5 


1N440B-445B series 


1N1487-92 series 


1N1692-95 series 


100-600 


100-600 


100-400 


volts 


70-420] 100-600 


70-420] 100-600 


70-280] 100-400 


volts | volts 


300-500 ]300-750 
(100°C) 


250 750 
(125°C)] (25°C) 


250 600 
(100°C) (50°C) 


0.5 


0.55 


0.6 


150-165 


140 


115 


°¢ 


price—with equally fine values i 
rent silicon stacks. Stud-mounted 
also available. 

General Electric low-current sil 
fiers are designed for maximum fot 
ductance at high operating tem 
High current loads are carried w 
ternal heat sinks. Reverse curren 
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Price reductions in some cases greater than 507 will enable 


hundreds of new users to become acquainted with General 


re bee ; 
a Electric’s new silicon controlled rectifier. 


tic amplifiers 
transistors 


Neither a transistor nor a rectifier, this remarkable device 


ors combines features of both. In the reverse direction it acts 
reaKkers . Pr a e 
like a standard rectifier. But it also blocks forward current 


ese applications 


until either a critical breakover voltage is exceeded or a 


switching 
btor control : in ai : : 1 ; . 
Be ye aulation signal is applied to the third lead. Then it switches to a con- 
ple DC supplies 5 f 

Sorters ducting state and performs exactly like a forward-biased 
ency changers “1 ~- 
- silicon rectifier. 
nic braking 

t li r : _ a . . . . 
eet svrplies he controlled rectifier offers the circuit designer current 


on firing ratings comparable to thyratrons, blocking voltages useful 


ng control 


sd | ee ae 
meee contro in industrial circuits, complete control of current turn-on 


- pulse generator 


many others =~ without complicated circuitry, and switching speeds in 


microseconds. 


While in many ways similar to the gas thyratron, the con- 


trolled rectifier provides faster firing and recovery times, 


very low forward voltage drop, higher efficiency, absence of 


. filament with attendant warm-up delay and power consump- 
= tion, and higher-temperature operation. 
e- |~ Check the sample ratings and suggested applications at 
= ee left. Application data and specifications will be sent on request. 
ee 


For fast delivery, lower prices, 
see your local G-E distributor! 


A recent check shows that General Electric transistors and rectifiers 
are being sold by local tube distributors for within pennies of the 
factory price on quantities less than one hundred—with the impor- 
tant difference that transportation charges are prepaid when you 
buy from your local G-E distributor. 

Increased stocking of semiconductors by local G-E distributors 
means you now have one source for all your electronic needs. General 
Electric distributors can also furnish you with a wide variety of 
technical information, application data and spec sheets. 

General Electric Company, Semiconductor Products Department, 
Section Electronics Park, Syracuse, N. Y. 


‘tion temperature is maintained at an 
low level, making these devices ideal for 
e applications. 

m forward yoltage drop and a hermeti- 
.d case have produced silicon rectifiers 
ability exceeds all existing MIL specs. 
ative evaluation shows that G-E devices 
ighest resistance’ to thermal runaway at 
full load operating temperatures. Ther- 
and temperature-cycle tests show a closer 
naterials for expansion and contraction, 
against breaking the hermetic seal and 


the silicon pellet. 
r G-E semiconductor representative for G r N F Kk A L F LE C T B : C 
ews” on low-current silicon rectifiers. Or 
nore information. 
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K and M SERIES 


25 to 35 amperes 
100 to 400 P.I.V. 


What are 


your 


P and R SERIES 


50 to 75 amperes 
100 to 400 P.I.V. 


T, V, and X SERIES 


100 to 200 amperes 
100 to 400 P.I.V. 


B SERIES 
(Res 500 milliamperes 
100 to 500 P.I.V. 


B SERIES 
500 milliamperes 
A SERIES Neen aac 100 to 500 P.I.V. 
750 milliamperes 
100 to 400 P.I.V. 


F SERIES Pea All units HERMETICALLY SEALED 
5 amperes june) 
100 to 400 P.I.V. ~ 


for lasting reliability 


WRITE FOR YOURE COP Y"O Fe6sePAGE = 
SILICON RECTIFIER HANDBOOK 


A AUDIO DEVICES, INC. Rectifier Division 


620 EAST DYER ROAD + SANTA ANA: CALIFORNIA 


Canadian Representative/Alex L. Clark, Ltd. * 3745 Bloor St. W., Teronto © International Representative/Rocke International Corp ¢ 13 E. 40th St., N.Y. 16, N 
. 7 oT. ¢ ‘ 
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Inly Merck makes 
all three forms of ultra-pure 


SILICON 


for Semiconductor applications 


Merck Polycrystalline Biilets—have not been previously melted in quartz, so 
that no contamination from this source is possible. Merck guarantees that single 
crystals drawn from these billets will yield minimum resistivities over 50 ohm cm. 
for n type material, and over 100 ohm cm. for p type material. Merck Silicon Billets 
give clean melts with no dross. 


Merck Polycrystalline Rods—are ready for zone melting as received . . . are 
ideal for users with floating-zone melting equipment. Merck Polycrystalline Rods 
(8% to 10% inches long and 18 to 20 mm. diameter—smaller diameters on special 
order) yield more usable material. In float-zone refining one can obtain minimum 
resistivities of 1000 ohm cm. p type with minimum lifetime of 200 microseconds. 


Merck Single Crystal Silicon—offers manufacturers without floating-zone 
equipment semiconductor Silicon of a quality unobtainable elsewhere. No crucible- 
drawn crystals can match the reliability of Merck single crystal material in semi- 
conductor devices. Merck Single Crystal Silicon is available with min. resistivity of 
1000 ohm cm. p type. Other resistivities ranging from 1.0 ohm cm. p or n type up 
to 1000 ohm cm. will soon be available. 


Merck & Co., Inc. 


For additional information on specific applications and processes, write 
Merck & Co., Inc., Electronic Chemicals Division, Dept. ES-11, Rahway, N.J. 


ULTRA-PURE 


SILICON —a product of MERCK 


BASE BORON CONTENT BELOW ONE ATOM 
OF BORON PER SIX BILLION SILICON ATOMS 
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All Hughes diodes resemble each other— 
externally. Germanium point-contact or 
silicon junction, they are all glass-bodied* 
and tiny (maximum dimensions: 0.265 by 
0.107 inch). But minute, meticulously con- 
trolled variations in the manufacturing 
process impart individual characteristics 
to the diodes, make them just right for 
specific applications. This gives you the 


ACTUAL SIZE 


THEY MAY LOOK ALIKE—BUT 
there is a difference...and the difference 
is inside, where it counts. 


opportunity of selecting from a line which 
includes literally hundreds of diode types. 

So, when your circuitry requires varying 
combinations of such characteristics as... 
high back resistance...quick recovery... 
high conductance...or high temperature 
operation, specify Hughes. You will get a 
diode with mechanical and electrical sta- 
bility built in. You will get a diode which 


was manufactured first of all for reliabili 

*Nowhere else have glass packagi 
techniques been developed to a com} 
rable extent, for the Hughes process | 
many unique aspects. They are difficult 
duplicate, yet are instrumental to t 
manufacture of diode bodies which : 
completely impervious to contaminat! 
and moisture penetration. 


For descriptive literature please write: HUGHES PRODUCTS, SEMICONDUCTOR DIVISION 
International Airport Station, Los Angeles 45, California 


HUGHES 


inf = 
—He!- 


SEMICONDUCTORS 
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Creating a new world with ELECTRONICS 


‘ HUGHES PRODUCTS 


lle) 
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GRACE SILICON 


Whether you make or use silicon devices, a 
new standard of quality is now available to 
you through Grace — leader in chemical re- 


search and development. 


Grace Silicon, manufactured by the Pechi- 
ney process, has an extremely low boron 


content as well as over-all ultra-high purity. 


GRACE ELECTRONIC CHEMICALS, 


Gharhkes St., 


1017 N. 


Baltimore, 


(ultra-high purity) 


Other characteristics of Grace Silicon include 
uniform quality as verified by some of the 
nation’s leading electronic manufacturers. 

Wherever a semi-conductor of top quality 
is desired for rectifiers, transistors, diodes — 
get in touch with GRacE ELECTRONIC CHEMICALS, 
Inc., at PLaza 2-7699 in Baltimore. 


INC. 


Maryland 


LS Subsidiary of W. R. GRACE & CO. 


HIGH COLLECTOR CURRENT 


PNP transistor, collector current vs col- 
lector voltage with constant-current 
base steps. Collector sweep is 0 to 5 v 
with a 0.25-ohm load, base current is 
50 ma/step. Vertical deflection is 
1000 ma/div, horizontal 0.5 v/div. 


HIGH INPUT CURRENT 


PNP transistor, collector current vs col- 
lector voltage with base grounded 
and constant-current emitter steps. 
Collector sweep is 0 to 1.5 v, emitter 
current 200 mia/step. Vertical deflec- 
tion is 200 ma/div, horizontal 0.1 
v/div. Zero voltage is at center scale. 


LOW INPUT CURRENT 


NPN transistor, collector current vs 
collector voltage with constant-current 
base steps. Collector sweep is O to 
1.5 v, base current 1 microamp/step. 
Vertical deflection is 10 microamp/div, 
horizontal 0.1 v/div. 


ae R-CURVE TRACER 
TYPE 575. TRANSISTO) 


has 10-AMPERE 
COLLECTOR SUPPLY 
2.4-AMPERE BASE SUPPLY 


eI KONI. THE: 
‘tales SASS 


TYPE 575 CHARACTERISTICS 


Calibrated Display 
Vertical axis— 
Collector current, 16 steps from 0.01 ma/div to 1000 ma/diy. 
Horizontal axis— 
Collector volts, 11 steps from 0.01 v/div to 20 v/div. 
Both axes— 
Base volts, 6 steps from 0.01 v/div to 0.5 v/div. 
Base current, 17 steps from 0.001 ma/div to 200 ma/div. 
Base source volts, 5 steps from 0.01 v/div to 0.2 v/div. 


Positive or Negative Collector Sweep 
Collector supply—O to 20 v, 10 amperes. 
—0 to 200 v, 1 ampere. 

Dissipation limiting resistors—O to 100-kilohms in 17 steps. 


Positive or Negative Base Stepping 
4 to 12. steps per family, repetitive or single family display. 
17 current-per-step positions, ] pwa/step to 200 ma/step. 
5 voltage-per-step positions, 0.01 v/step to 0.2 v/step, with 24 
series resistance values from 1 ohm to 22 kilohms. 
Test Condition Selector 
Select either common-emitter or common-base configuration. 


Price — $925 f.o.b. factory 


TEKTRONIX FIELD OFFICES: Albertson, L.1., N.Y. * Albuquerque * Bronxville, N.Y. * Buffa 
Cleveland * Dallas * Dayton + Elmwood Park, Ill. * Endwell, N.Y. * Houston * Lathrup Villag 
Mich. * East Los Angeles * West Los Angeles * Minneapolis * Mission, Kansas * Newtonvill 
Mass. * Palo Alto, Calif. * Philadelphia * Phoenix * San.Diego * Syracuse * Towson, M 
Union, N.J. * Willowdale, Ont. 


TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Assoc., Ft. Myers, Fle 
Gainesville, Fla.; Bivins & Caldwell, Atlanta; Ga., High Point, N. C.; Hawthorne Electronic 
Portland, Ore., Seattle, Wash.; Hytronic Measurements, Denver, Colo. 


Tektronix, Inc. 


P. O. Box 831 + Portland 7, Oregon 
Phone CYpress 2-2611 * TWX-PD 311 * Cable: TEKTRONIX 


Tektronix is represented in 20 overseas countries by qualified engineering organization 
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Milli-micro-second switching speeds 
and high current too 


Where applications require transistor performance beyond 
previously accepted high limits, Fairchild Silicon Trans- 
istors offer an exceptional three-way combination: 


1) 50 milli-micro-second typical rise time — permits faster 
switching rates in computing devices. Total switching time 
is typically 0.2 microseconds. 


2) 1 watt dissipation at 100° C.— Saturation resistance 
is 10 ohms maximum. Resulting high-current capability 


while reducing circuit complexity. 
3) Silicon temperature performance — Maximum junction 
temperature of 175°C. gives low leakage and more safety 
factor at any lower temperature. 


These characteristics are the outcome of the solid-state 
diffusion technique used at Fairchild. Other important 
accomplishments of this process are excellent reliability 
and a high order of electrical uniformity throughout large 
production runs. 


The accomplishment of a research-production team 
Singleness of purpose did it. Fairchild assembled a 
uniquely experienced team of research scientists and 
production engineers whose objective was to bring the 
advanced solid-state diffusion process under close control. 
They succeeded in putting laboratory-quality silicon 
transistors into quantity manufacture with firm product 
specifications exceeding anything previously offered. 


2N696 and 2N697 SILICON TRANSISTORS 


Specification Characteristics | Test Conditions 


Collector to Emitter 
voltage (25° C.) 

Total dissipation 
Case temp. 25° C. 
Case temp. 100° C.| 1 watt 


VoE 


D.C. current gain 2N696— 15 to 30 Iq=150ma 
2N697 — 30 min. Vom lov 
Collector saturation 6n typical, | ,==150ma 
resistance 10n max. Ipe=15ma 


For full information and specifications, 
j write Dept. p-9 


_ CHARLESTON ROAD + PALO ALTO, CALIFORNIA 
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Fairchild silicon transistors 


provides opportunities to increase equipment performance 


TYPE 54 
ve GE 541 Oscitioscope 


The unretouched scope face below shows the 
time comp. 


son of input (positive) and 
gative) pulses in a non- 


saturating mode. Time base is 
20musec. per large division © 

on the scope face. Max- 

imum collector cur- 

rent is 50 ma. 
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GRAPHITE 


...ultra pure for the electronic industry 


If you wish competent technical help concerning the 
use of graphites in the electronics field ... . combined 
with graphite products of the maximum density and 


purity . . . we invite you to UNITED CARBON 
PRODUCTS CoO., INC. 


Your electronic graphite problem—whether it be on 
production material or parts—can probably find fast 
solution in the technical service division at UNITED. 


< UNITED 


CARBON PRODUCTS CO. INC. 
BAY CITY, MICH. 


P.O. BOX 269, 


For further information circle No. 15 on Reader Service Card 
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We have been privileged, over the years, to have 
worked out successful solutions to innumerable 


graphite problems for many world-famous organi- 
zations. 


A simple, brief letter concerning your problem will 
put our technical service division at your confidential - 


service—immediately. Or, if you wish, telephone or 
wire. 
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Base Current Feedback and the Feedback 


Compound Transistor 


DR. FRANK S. BOXALL 


Base current feedback is a means for reducing the nonlinear distortion and frequency 
distortion resulting from variations in the emitter to collector current transfer ratio of 
transistors. The distortion is reduced by feeding the transistor base current back to the 
emitter terminal, and is accomplished without loss of gain and without incurring a stability 
problem. Output impedance is increased by the feedback. In Part I of this article, the 
theory of base current feedback is developed in terms of an amplifier in which the base 
current of a grounded base output stage is fed back to the emitter via the preamplifier. 
The distortion reduction depends upon the preamplifier transmission characteristic. A 
second possibility is to feed back the base current through a second grounded base 
transistor and the combination of the two is called a “feedback compound transistor.” 
The current transfer ratio of the compound is almost exactly unity and is almost inde- 
pendent of variations in the current transfer ratio of the compounded transistor. In 
Parts II and III, the feedback compound transistor is treated as a single amplifying 
element in both common base and common emitter configurations. Classical feedback 
theory is used to demonstrate that the reduction in distortion due to emitter degeneration 


is much greater when the transistor is compounded than when it is not. 


Part |: THEORY OF BASE CURRENT FEEDBACK 


rT IS well known that the imperfections of a 
power amplifier are due primarily to the imper- 
fections of the final stage. Where a grounded base 
nsistor is used for the final stage amplifying ele- 
nt, as in Fig. 1 there are essentially three mecha- 
ms whereby the final stage degrades the amplifier 
formance. These are the variations with signal 
plitude (monlinear distortion) or frequency (fre- 
ancy) distortion of 
1) The transistor input impedance 
2) The transistor short circuit current gain, a 
3) The transistor open circuit output impedance, 
Zo 
he output impedance of the preamplifier is made 
ficiently large, the current injected into the final 
se is essentially independent of its input imped- 
e and the degradation of amplifier performance 
: to the first factor listed above can be reduced by 
;means.! The second and third factors listed above 
y be considered jointly as current transfer distor- 
1 inasmuch as the current transfer ratio (loaded 
rent gain) of the final stage is 


to a 
a e. = a (1) 
i Zi 
e€ 1+ — 
Le 


ere Z,, is the load impedance. 


rk done while in employ of Lenkurt Elec. Co., Inc., San 
los, Calif. Now with Hewlett Packard Co., Palo Alto, Calif. 
s point is considered in detail in Part II. 
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PREAMPLIFIER 


FINAL STAGE 


Fig. 1—Power amplifier with grounded base transistor 
final stage. 


In order to focus attention on final stage transfer 
distortion it will be assumed that the preamplifier is 
distortionless with high output impedance, so that the 
final stage input current is exactly u times the pre- 
amplifier input current. In this case the current gain 
and output impedance of the amplifier of Fig. 1 are 


G=paz 
Livut = Lo 


and all of the distortion is due to final stage transfer 
distortion. If the final stage transistor output current 
were exactly proportional (say equal) to its input 
current, there would be no transfer distortion and 
the amplifier would be essentially perfect. It should 
be noted, therefore, that the difference between these 
two currents is simply the transistor base current. 
Because this current is a direct measure of the ampli- 
fier imperfection, and is readily available at the tran- 
sistor base terminal, it can be utilized to improve the 
amplifier performance. A fairly obvious suggestion is 
to combine the base current with the collector cur- 
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rent so that the sum flows through the load. However 
this scheme is difficult to realize in practice without 
appreciable loss of base current. A less obvious but 
more effective scheme is to feed the base current back 
to the emitter, using the preamplifier to make up any 
loss of base current which may occur in the feedback 
network. Such an arrangement is shown in Fig. 2, 
wherein the base current is fed back to the preampli- 
fier input through a passive network of current trans- 
fer ratio 8 which should have an optimum value of 


6 = . (2) 
In the amplifier of Fig. 2, 
iy = te — ty (3) 
ie = M (tin + Bo) (4) 
to = ate (5) 


where a, is given by equation (1). Eliminating 4% 
from equations (3) and (4), and substituting i, from 
equation (5) yields 
2 
= Gt = ya's 
[ein 
where 
ay, 


1 = #8 (1 — a) 
Substituting equation (1) into equation (7) yields 


= 


a'y 


, 


or, = (8) 
Zr : 
1 
+c Z’, 
where 
Qa s 
a! = (9) 
1 — p6 (1 — a) 
1—- 1— 
Gage a Se (10) 
1 — pf 


Equations (6) through (10) demonstrate that the ap- 
plication of base current feedback to an amplifier can 
be considered equivalent to replacing the final stage 
transistor by a new transistor having short circuit 
current gain and open circuit output impedance given 
by equations (9) and (10). The current gain and out- 
put impedance of the amplifier are 


G’ = pa’y 
Z' wut = VAR 


In particular, when § has the value given by equa- 
tion (2), 


*In the Darlington compound transistor connection, a second 
transistor is used as the combining network. 


“If required, the amplifier output impedance can be matched to 
the load impedance by applying 6 db of negative feedback de- 
rived from the output voltage. 
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= 1 


Be 
Z'. = infinity 
a; =1 

G =p 

Z' out = infinity * 


In this case a’ and Z’, are independent of a and 4 
hence the transfer distortion of the final stage hl 
been completely eliminated. 

This considerable improvement in performance } 
obtained with no loss of gain and without incurring, 
stability problem, since the current gain around ti 
feedback loop is 


Loop Gain = uB (1 — ez) 


which is less than unity, being essentially equal to t 
current transmission from emitter to base of 
power transistor. It should also be noted that the opt 
mum adjustment of § is independent of the final stag 
transistor parameters. Because the base current is 
turned to the emitter via the preamplifier, the ampli 
fier gain becomes slightly more sensitive to preamp 
fier gain. The percent change in G’ due to a one pex 
cent change in u is obtained by differentiating equa 


tion (6) to obtain 
dG’ | du 
G’ Me 


which is only slightly greater than unity and is not. 
significant penalty. 

In practice the value of f will differ somewhat fron 
the optimum value of equation (2), and there will be 
distortion in the output. The amount of this distortioz 
may be calculated by representing the transistor cur 
rent transmission by 


1 =ate+d (11 
where a is a constant. Thus the first term represent: 
that portion of the output current which is exacth 
proportional to the emitter current (no distortion) 
and the second term represents the current transfe: 
distortion (either nonlinear or frequency distortior 
depending upon the consideration of interest). Elimi 
nating % from equations (3) and (4) and substitutin; 
for i, from equation (11) yields 


a’, 


QL 


_ @et%n + (1 — wb) d 
1 — ps (1 — a) 


to a 


Fig. 2—Power amplifier with base current feedbac 
applied. 
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' 


ad the per unit output distortion is 


| _ (= uB)d 


ap Vins 


D' 


his should be compared to the per unit output distor- 
on obtained without base current feedback (B = 0) 
id under the condition that the nondistorted outputs 
ave the same magnitude in the two cases. The result 


rene 1 = ‘26 
1 — pB (1 — a) 


here D is the per unit output distortion without base 
urrent feedback. For typical values of a and uf the 
snominator is close to unity and, to a good approxi- 
ation the distortion improvement due to base cur- 
nt feedback is 


ig. 3—A practical realization of base current feedback. 


hus, in the uf plane loci of constant improvement 
e concentric circles centered at 1 + 40 of radius 


r=10 7 
| particular, if uf has a magnitude of unity and a 
iase shift of 9, the improvement is 


I = —20 logis (sn £) — 6 db 


(12) 


It is apparent that if large improvements are to be 
aintained over wide bandwidths the preamplifier 
ansmission must be closely controlled. For this rea- 
n it is suggested that the preamplifier be designed 
ing conventional negative feedback (current feed- 
ck to maintain high output impedance), such that 


= —20 logiy @ (for small @ in radians) 


ee ee | 
Be SLi 1B, ite 


here wt, and #, are respectively, the preamplifier 
in without feedback and the conventional feedback 
tio. For B, real and negative the preamplifier phase 
ift reduction due to negative feedback is given by 

sin @ = sin 4, (13) 
[1 — po Bo | 
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Fig. 4—The voltage analog of base current feedback 
applied to a cathode follower final stage. 


where © is the phase shift of 1 and 9, is the phase shift 
of u,. A convenient rule of thumb which follows from 
equations (12) and (13) is that for 9,—90° and © 
small, the amount of improvement due to base cur- 
rent feedback is equal to the amount of preamplifier 
conventional feedback. 

In summary of the foregoing, it is concluded that 
base current feedback provides a means of realizing 
considerable performance improvements in power 
amplifiers using a grounded base transistor final 
stage, while avoiding the loss of gain and stability 
problems associated with conventional negative feed- 
back. However, base current feedback corrects only 
those amplifier imperfections due to final stage cur- 
rent transfer distortion and, in doing so, imposes pre- 
cise transmission requirements on the preamplifier. 

A convenient practical realization of base current 
feedback is shown in Fig. 3. The voltage drop across 
resistor R, is applied to the preamplifier input in 
series with the signal input voltage. In this case the 
preamplifier transmission should be expressed as a 
transconductance G; (output current divided by input 
voltage) and the base current feedback ratio 


up = G, Ry 


The feedback is conveniently controlled by varying 
R. 

Two such amplifiers have been built and tested in 
the laboratory. The first of these was intended only 
to obtain experimental verification of the foregoing 
theory, and used a vacuum tube preamplifier. Meas- 
urements were taken of gain, distortion, and output 
impedance versus R,. In each case the measurements 
agreed well with the theoretical predictions. Distor- 
tion improvements as great as 40 db were obtained. 
The second amplifier was a breadboard design for a 
specific wideband application and used a fully tran- 
sistorized preamplifier driving a 952 final stage. In this 
case a distortion improvement of at least 15 db was 
maintained over a frequency range from 40 to 
270 ke/s. 

Figure 4 shows the voltage analog of base current 
feedback as applied to a cathode follower final stage. 
In this case the difference between final stage input 
and output voltages is the grid cathode voltage which 
is picked off via a transformer and fed back to the 
preamplifier input. The analysis is dual to that pre- 


19 


viously given and leads to similar results. The voltage 
transfer distortion of the cathode follower is reduced 
or eliminated while the amplifier output impedance 
is reduced by the feedback, becoming zero for the 
optimum adjustment.t Presumably a similar arrange- 
ment would be applicable to emitter follower output 
stages. This circuit has not been investigated experi- 
mentally. 


Part Il: THE FEEDBACK COMPOUND TRANSISTOR 
(Common Base) 


A major disadvantage of base current feedback is 
the precise transmission requirements imposed on the 
preamplifier. This disadvantage can be circumvented 
to a considerable extent by feeding the base current 
directly back to the emitter via a second grounded 
base transistor as shown in Fig. 5a. Biasing details 
are not shown in the figure. In this case the feedback 
network is active and a different viewpoint is adopted 
in the analysis. The arrangement of Fig. 5a is viewed 
as a new semiconductor amplifying device, called a 
“feedback compound transistor,” having emitter, base, 
and collector terminals as indicated. The more fa- 
miliar Darlington compound connection (a feed-for- 
ward configuration) is shown in Fia. 5b. Both con- 
nections yield a compound alpha which is very close 
to unity. However, in the Darlington compound the 
collector-base capacity of the second transistor shunts 
the high impedance load terminals whereas in the 
feedback compound this capacity shunts the low im- 
pedance input terminals. Inasmuch as this capacity 
is a function of the instantaneous collector-base volt- 
age it contributes directly to output distortion. 

If each transistor of Fig. 5a is approximated by an 
equivalent circuit of the form shown in Fig. 6 the 
short circuit current gain and open circuit output im- 
pedance of the feedback compound connection can be 
calculated directly. The results are 


ay) 
a 
1 SOLD (1 — a1) 
1—ae, (1 — 
ie = Zor el 20 
it rans 4) 


where subscripts 1, 2, and ¢ refer, respectively, to the 
power transistor, the feedback transistor, and the 
equivalent compound transistor. Additionally, the 


current gain to a load impedance Z,, can be expressed 
in the form 


aA Qe ah 
Qh = oe = eee (14) 
where 
en = aoe 
1-+ 7. 
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These equations are identical to equations (9), (1d 
and (7) with the substitution of a2 for up. The fee 
back transistor should therefore be chosen to have’ 
short circuit current gain close to unity and wi 
small phase shift up to high frequencies. For a2 near 
unity the values of a, and a; are almost exact? 
unity and almost independent of a; and azy1. 
Because the feedback compound transistor utiliz: 
an active feedback path, an exact distortion analy: 
is difficult. However, an appreciation of the distorti« 
improvement can be gained by considering the sen 
tivity of the current gain to changes in the controllin 
parameters. Thus by differentiating equation (14) w 


obtain 
da Le dar; ALe 
= (lb — a) 
ALe aL1 Qh1 
dare | das Ae 
— ] ay 11) ae 
Ale ae, QL 


It is worthwhile considering a numerical example. Fc 
az: — 0.8 and ‘a, —0.98 the value of az, is 0.995 { 
25% increase over a;1). A one percent change in a 
changes a, by only 0.025 percent while a one percer 
change in as changes az, by 0.25 percent. Variation 
in ay, are reduced by 40 times (32 db) while varie 
tions in a» are reduced by 4 times (12 db). Thus dis 
tortion contributed by the power transistor is greatl 
reduced, while distortion contributed by the feedbae: 
transistor is appreciably reduced in the output. Be 
cause of this latter reduction, and because the feed 
back current is generally small, a properly biase 
feedback transistor contributes very little to outpu 
distortion. 

The compounding of a power transistor increase 
the input impedance somewhat but does not corree 
for its nonlinearity. Consequently, the compouns 
stage must be driven from a high impedance soure 
if low output distortion is required. In the case of | 
single power transistor the effectiveness of source im 
pedance (i.e. series emitter impedance) in reducin: 
output distortion is not easily predicted. However, it 
the case of a compounded stage, the distortion reduc 
tion due to emitter impedance connected as in Fig. 7 
is readily predicted when the compounding is effec 
tive. Fig. 7b shows an amplifying element with loa 
impedance Z;, and input impedance Z;,, (assumed non 
linear) driven from a voltage source v, in series witl 
an impedance Z. For this system 

wale tee (15 


m 


where V, and I, are, respectively, the voltage gain am 


“If required, the amplifier output impedance can be matche 
to the load impedance by applying 6 db of conventional nega 
tive feedback derived from the output current. 
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wrent gain of the amplifying element alone. The 
itput voltage and source voltage are related by 
| Vo Z 

aay petal 
a Z ai Z in 
olving equation (15) for Zj, and substituting into 
yuation (16) yields 


(16) 


V ~ lan 
Z 


1+ Ve 
& oo 


his equation is identical to the classical negative 
edback formula except that the feedback ratio 
Z 
B= 
ae Pea 


(17) 


spends upon the current gain of the amplifying ele- 
ent. 

It follows, then, that if 6 is truly constant the feed- 
ack is linear, and the per unit output distortion (at 
mstant output voltage) is reduced by the presence 
f Z in the same proportion that the voltage gain from 
yurce to load is reduced by the presence of Z. On the 
ther hand, if f is not a constant the feedback is non- 
near, and the distortion reduction is not predictable. 
1 the case of a single power transistor, the current 
ain (J, — a;1) varies with instantaneous current am- 
litude and the feedback is nonlinear. The addition 
series emitter impedance to such a stage yields the 
<pected voltage gain reduction but frequently there 
no corresponding distortion reduction. In the case 
fa properly compounded stage, however, the current 
ain (I, — a,,) remains very nearly constant and inde- 
endent of variations in a; and the feedback is essen- 
ally linear. Therefore, addition of series emitter im- 
edance to a compound stage reduces both voltage 
ain and distortion in the expected one for one rela- 
onship predicted by classical feedback theory. Con- 
quently, the compounding process may be viewed 
; an intermediate step by which the instantaneous 
irrent gain of the power transistor is stabilized in 
eder that subsequent emitter degeneration should 
ield the expected distortion reduction due to linear 
egative feedback. Since the feedback is current de- 
ved the output impedance is increased by the emit- 
x degeneration, approaching Z,, as an upper limit. 
he input impedance seen by the driving source is 
sentially equal to the emitter impedance Z. 


Part II: COMMON EMITTER PERMUTATION OF 
THE COMPOUND 
Although the feedback compound transistor repre- 
nts a considerable improvement over a _ single 
-ounded base transistor, both stages have the disad- 
antage that the input impedance is low and the 
siver stage is required to supply a signal input cur- 
nt equal to the desired load current. In the case of a 
ngle power transistor this disadvantage is circum- 
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“B 


Fig. 5—(a) Feedback compound transistor. 
(b) Darlington compound transistor. 


Fig. 6—Equivalent circuit of feedback compound tran- 
sistor. 


(A) 


Fig. 7—(a) Application of emitter impedance to feed- 
back compound transistor. 
(b) Source impedance applied to an amplifying 
element. 


vented by permuting the terminals into the grounded 
emitter configuration. Likewise, the feedback com- 
pound connection can be permuted to an equivalent 
grounded emitter configuration. When this permuta- 
tion is applied to the circuit of Fig. 5a the result is 
simply a cascade connection of a grounded collector 
stage (transistor #2) driving a grounded emitter 
power transistor. Although this result appears trivial 
at first sight, there is a most significant difference in 
the compound viewpoint when emitter degeneration 
is considered. 

Conventionally, emitter degeneration is applied to 
such a cascade connection as in Fig. 8a. However, if 
the cascade connection is viewed as a single com- 
pound transistor the emitter degeneration is properly 
applied as in Fig. 8b. Although the two circuits differ 
only in the connection of one lead, the difference in 
performance is equivalent to that already demon- 
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strated for the grounded base configuration. This can 
be shown as follows. 

In Fig. 8b, the feedback transistor, operating under 
near short circuit conditions, returns a2 i to the emit- 
ter of the power transistor so that the current flowing 
through the emitter impedance is 


: F ee: 
le — ag (te — to) = — to (18) 
QLe 
Qari OF 
where Qe = ———- and _ ann = = 
1—ae (1 —- a11) Ve 


The voltage drop across the emitter impedance is 


ys 7, 
v.= > Z i iS Vo 
ALe QLe “Lt 


(19) 


The total input voltage is 


Vi = Va + Ve 


where v, is the small voltage drop across the two 
base-emitter junctions. Substituting for v, and dividing 
by v, yields 


Uo ‘ 
where V = — is the voltage gain 


a 


Vo . ‘ 
V. = mS the voltage gain when Z = 0. 
d 


and 


This last equation can be written 


Vo 


bil Z )v. 
are Zr 


which is in the form of the classical feedback equa- 
tion. For a single power transistor or for the circuit 
of Fig. 8a a similar result is obtained except that az, 
is replaced by az}. 

Thus the discussion following equation (17) applies 
equally well here, with the conclusion that the com- 
pounded circuit of Fig. 8b yields the distortion reduc- 
tion predicted by linear feedback theory while the 
conventional circuit of Fig. 8a does not. The sign dif- 
ference between equations (17) and (20) results from 
the phase inversion in a grounded emitter configura- 
tion. In equation (17), V and V, are positive; in equa- 
tion (20) V and V, are negative. Because the feed- 
back is current derived, the output impedance is 
increased by the emitter degeneration. For moderate 
to large amounts of feedback 


V = 


(20) 


and the output impedance is almost infinite. 

In the compounded circuit of Fig. 8b the input volt- 
age is almost equal to the feedback voltage while the 
input current is (1 — a,,) times the current through 
the feedback impedance. Consequently the input im- 
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pedance of the compounded stage is very nearly 


Z 


= 
1—az 


Lin 


Typically this impedance is very much larger th 
the shunt impedance of the base biasing network an 
may be neglected in computing the load on the drivin 
stage. This may not be the case for the conventiona, 
circuit of Fig. 8a where the base to collector capaci 
of the grounded collector stage is directly across th 
input terminals. If the compound circuit of Fig. 8b iz 
replaced by the Darlington connection, this capacit 
is connected directly between input and output ter- 
minals and the effective input capacity is this capacity 
multiplied by the stage voltage gain. Because this ¢ 
pacity varies with instantaneous voltage, it contrib- 
utes to nonlinear distortion as well as degrading th 
frequency response of the driver. 

Practical circuit realizations of the compounded 
transistor connection in common emitter configura 
tion are shown in Fig. 9, where the two transistor. 
are of like or unlike conductivity types as illustrated 
Resistors R, and R,. form a voltage divider stiff—i 
enough to set the transistor bases at the desired d-¢ 
voltage. Separate biasing of the power transistor base; 
is not required because of the direct coupling. Emit 
ter and collector biases for the feedback transistor are) 
supplied through R; and Ry, and C is a d-c blocking} 
condenser which should have negligible impedance to: 
signal frequencies. Where like conductivity types are 
used Rz might be omitted, but is preferably retained 
for reasons of d-c stabilization. Where unlike conduc- 
tivity types are used R, and C may be omitted and 
the collector bias for the feedback transistor obtained 
from a Zener diode connected as in Fig. 9c. The total 
degenerative emitter impedance is the parallel com- 
bination of R, and R;. The emitter bias current of the 
power transistor may be sufficiently stabilized by Rs. 
If not, an adequately bypassed resistor can be con- 
nected in series with R;. 


(A) 


Fig. 8—(a) Conventional application of emitter imped- 
ance. 


Fig. 8—(b) Application of emitter impedance to per- 
muted feedback compound transistor. 
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Resistor R; provides a path whereby a small por- 
on of the signal base current of the power transistor 
lost from the feedback path. Fortunately, this cur- 
nt loss is much less serious than might be expected. 
-may be accounted for analytically by observing 
lat the signal voltage across Rs is very nearly equal 
» that across the emitter impedance, so that equation 
18) should be corrected to read 


* . Ve 1a Ve 
Cee OO 1h = = —— 29 + as 
R3 Ale Rs 


hen equation (19) becomes 


Z 


Ale Z1 


v, = 


Z 
Ate Zr ( + ae 


id v. = 


Vo 


cs) 
Rs 


hus the effect of R; is to reduce the feedback ratio 
y the factor (1 + a2 Z/R3) which is nearly unity for 
spresentative values of Z and Rs. 


(A) 


(B) 


NEGATIVE BATTERY NEGATIVE. BATTERY 


ig. 9—Practical circuit realizations of common emitter 
feedback compound transistor. 


The choice of the power transistor will depend on 
1e amplifier output requirements. In choosing the 
xedback transistor, one should bear in mind that the 
ase current of the power transistor becomes rather 
irge as a1 departs from its low frequency value (for 
1 = 0.71/45°, the base current is equal to the out- 


EMICONDUCTOR PRODUCTS e SEP./OCT. 1958 


Fig. 10—Two choices for double compounding in com- 
mon emitter configuration. 


put current) and that the base current contains large 
percentages of the distortion products of the signal fre- 
quency. For effective compounding a», is required to 
be constant and near unity with low phase shift at 
the anticipated base current amplitudes and frequen- 
cies. When these requirements cannot be met in a 
single transistor, double compounding may be em- 
ployed. Two possibilities are illustrated in Fig. 10. In 
the first case, transistor #3 is used as a feedback 
transistor to compound the already compounded stage 
formed by transistors #1 and #2. In the second case, 
transistors #2 and #3 form a compound stage which 
is used as the feedback transistor for transistor #1. 
Alternatively, the first case may also be viewed as 
transistors #2 and #3 connected in Darlington com- 
pound, and used as the feedback transistor for tran- 
sistor #1. In any case the two arrangements illus- 
trated have proved to be equally effective. 

The effectiveness of compounding in reducing power 
transistor distortion has been demonstrated in the 
laboratory by means of the following experiment. A 
power transistor is connected in common emitter con- 
figuration, and voltage gain and output distortion are 
observed at a reference output level. Next, a degen- 
erative impedance is connected in the emitter lead, 
the output adjusted to the reference level, and the 
decrease in gain (AG) and output distortion (AD-) 
are recorded. This clearly demonstrates that the re- 
duction in output distortion is much less than the re- 
duction in gain. Finally a feedback transistor is added 
to the circuit as in Fig. 9a or 9b without altering the 
emitter impedance. This addition does not change the 
voltage gain, but the output distortion is reduced con- 
siderably. The additional decrease in output distortion 
due to compounding (AD,) is recorded and the total 
decrease in distortion due to both compounding and 
emitter degeneration (AD) is computed. Table I gives 
some typical experimental results. The first six entries 
are for medium power transistors compounded with 
small signal transistors. The last two entries are for a 
high power transistor compounded with a medium 
power transistor and doubly compounded with a 
small signal transistor. 


Part IV: CONCLUSION 


This article has described two different realizations 
of the base current feedback principle. The first of 
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TABLE | 


f Z AG | ADz ADc ADce | AD 

anil kc/s |ohms| db | db T2 db T3 db | db 
2N340 60 80 21 7 | 2N247 16 23 
2N340 90 80 21 5 | 2N247 21 26 
952 60 80 24 5 | 2N247 20 25 
952 90 80 23 5 | 2N247 21 26 
MN13C}] 60 80 23 | —6 | GT762 24 18 
MN13C} 90 80 21 | —3 | GT762 21 18 
2N301A| 15 30 22 1 | MINIS C 13" eG 762 11 25 
2N301A | 24 30 21 0 | MN13C 8 | GT762 10 18 


Tl: Power Transistor 
fe Signal Frequency 
Ze Emitter Impedance 
AG: 


ADz: 

T2: Feedback Transistor 

ADe: 

T3: Second Feedback Transistor 


Reduction in voltage gain due to emitter impedance 
Reduction in output distortion due to emitter impedance 


Additional reduction in output distortion due to compounding 


ADcc: Additional reduction in output distortion due to double compounding 


AD: 


Total reduction in output distortion 


Transistor Identification 


952 


—Texas Instrument Co. 


MN13C — Motorola 
GT762 —General Transistor Corp. 


Table I—Experimental results showing the effectiveness 
of compounding in reducing power transistor distortion. 


these involves feedback via the preamplifier and the 
distortion improvement depends upon the preampli- 
fier transmission characteristic, which can be closely 
controlled by conventional negative feedback. The 
second realization involves a feedback transistor and 
the combined circuit is called a feedback compound 
transistor. The distortion improvement depends on 
the short circuit current gain (alpha) of the feedback 
transistor. The feedback compound transistor has 
been treated in both common base and common emit- 
ter configurations with degenerative emitter imped- 
ance in each case. The voltage gain is the same for 
each but the common emitter configuration has much 
greater input impedance and is preferred for this rea- 
son. It has been used, with excellent results, both as 
a single stage amplifier and as the final stage in multi- 
stage amplifiers where distortion requirements were 
severe. 

The author has been associated in his work on base 
current feedback and compound transistors with Mr. 
James Stewart, Mr. Torvald Eskedal, and Dr. Macro- 
bio Lim. Mr. Eskedal did much of the experimental 
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work. Mr. Stewart has recently published a pape 
treating the common emitter configuration of the feed. 
back compound connection in greater detail than has 
been given here. His paper contains additional experi- 
mental data on distortion reduction and also gives the 
equivalent y-parameters for the compound connec: 
tion in terms of the y-parameters of the individua! 
transistors. Dr. Lim has used these parameters to de- 
velop simple design equations for single stage com- 
pound amplifiers with equal input and output imped- 
ances. These equations, together with performance 
data on two such designs, are included in Mr. 
Stewart’s paper. 
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& Fig. 8—Front and rear view of fabricated test set. 


UNIJUNCTION TRANSISTOR TEST SET 


TP SYLVAN* 


A test set is described which measures six parameters of the unijunction transistor. The 
test set is battery operated and completely self-contained. Maximum convenience of opera- 
tion is achieved by the use of an individual push button switch for each measurement. 


characteristics which are significantly different 

from those of the conventional junction transis- 
yw. It is therefore necessary to have special test 
qyuipment for measuring the important parameters 
f this device. 

A test set is described which can be used to meas- 
re six parameters of the unijunction transistor. 
hese parameters are indicated in Chart I. 

The test set is battery-operated and completely self- 
mntained. Use of a Zener diode for voltage stabiliza- 
on eliminates the need for recalibration and zero 
stting. Maximum convenience of operation is 
shieved by the use of an individual push-button 
witch for each measurement. (See Figs. 7 and 8) 


[: UNIJUNCTION transistor has electrical 


est #1—Oscillator Test (Peak 
» Peak Emitter Voltage)-—Fig. 1 


The oscillator test is the fundamental test for de- 
rmining whether or not a particular unijunction 
ansistor is a usable unit. A unijunction transistor 
ay be capable of operating in a relaxation oscillator 
rcuit even though many of its basic parameters may 
ave values which are greatly different from the nor- 
al values. 


‘em_conductor Products Department, General Electric Com- 
ny, Syracuse, New York. 
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TEST|SYMBOL} PARAMETER 


Peak to peak 
emitter voltage 


0-10 ViVpzn = 10 V, 


Intrinsic Stand-| 0-1.0 |Vzgz—10V 


off Ratio 


Interbase Re- 
sistance 
Emitter Satura-] 0-10 V |Vex — 10 V, 
tion Voltage 


Emitter Voltage 
at 1 ma 


0-100 La Vuze = 10 V 


Emitter Leak- 
age Current 


The circuit shown is a simple relaxation oscillator 
of about 1 ke. The meter reads the approximate peak 
to peak emitter voltage. The exact value of the peak 
to peak emitter voltage can be easily calculated for 
any value of interbase voltage (Vp;) by the use of 
the equation: 


Vp (peak to peak) = 0.7 + Vaz — % Vaisat) 
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NOTE: 
(4) All switches shown in 
the inactive position. 


HD 6001 
(2) All components +5% 
except as indicated. 


(3) * Denotes approximate 
values, must be 


calibrated. 
A 
1N914 
0-100 ya 
Parts List 
Switches (Push-Button Types) Panel 
“ #1 ICA Metal Products #3906 (cover #4156) 
acy : ue sh ob a sey Sloping Front, 444” x 7 5/16” x 4%4 
3 3PDT ss Thodes 
4 DPST (mormally open) #1004 
5 DPST (normally open) 7 D1 GE. 1N91 Germanium Junction Diode 
6 DPDT " #1006 = p2-—s Hughes HD6001 Silicon Junction Diode 
Battery SPDT #1003 D3 ___—s*Transitron SV-810 Silicon Regulator Diode, 10 volts! 
Meter +5%, 750 mw 
Battery 


Triplett +327-PL 
0-100 microamperes, 344” rectangular 


Eveready Type 763 or Burgess 4156 


Fig. 7—Complete Circuit Schematic—Unijunction Transistor Test Set. 


Test =2—Intrinsic Stand-off Ratio (n)—Fig. 2 


The intrinsic stand-off ratio, n, is the most impor- 
tant parameter of the unijunction transistor. It deter- 
mines the value of the peak emitter voltage, V,, in 
terms of the interbase bias voltage, Vzz. The equa- 
tion expressing this relationship is: 


5 = nV es aoa Vy 
Vp = 0.7 volt at 25°C 
Vp = 0.3 volt at 125°C 


It is found that y is very independent of Vz, and 
temperature. The only significant variation with tem- 
perature is that of Vp which decreases with increas- 
ing temperature. 

The circuit shown is a simple relaxation oscillator 
with a peak voltage detector. The forward drop of the 
silicon diode used in the peak voltage detector effec- 
tively subtracts about 0.7 volts (Vp) from the peak 
voltage so that the meter indicates y directly. The re- 
sistor R; is adjusted so that the meter reads full scale 
when the upper terminal of R; is connected to the 
upper terminal of the zener diode. 


26 


Ge 
JUNCTION. 
DIODE 


Fig. 1—Test #1; Oscillator Test (Peak to Peak Emitter 
Voltage). 


SILICON 
JUNCTION 
DIODE \ 


Fig. 2—Test #2; Intrinsic Stand-off Ratio (nr). 
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‘ig. 6—Test #6; Emitter Leakage Current (Ivo). 


est +3—AInterbase Resistance (R,;,)—Fig. 3 


The interbase resistance, Rez, has a temperature 
oefficient of approximately +0.8%/°C. It is normally 
veasured and specified at lower power dissipations 
rith a bar temperature of 25°C. The circuit shown is 
conventional ohmmeter circuit designed to read ap- 
roximately 3 kilohms full scale. This permits an ex- 
anded scale for the normal range of Ry, (4.7K-9.1K). 
he maximum power dissipation in the unijunction 
‘ansistor will be about 15 milliwatts corresponding 
» a temperature rise of 8°C or a change of Rez» of 
%. This effect can be taken into account in con- 
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structing the resistance scale for the meter. The re- 
sistance R8 and R9 are selected to give the correct 
meter calibration. 


Test #4—Emitter Saturation Voltage V» (sat)—Fig. 4 


The emitter saturation voltage, Vy/..:,, provides an 
indication of the switching abilities of the unijunction 
transistor in the emitter to base-one circuit. This volt- 
age is normally specified at an interbase voltage of 
10 volts and an emitter current of 50 milliamperes. 
The upper production test limit on this parameter is 
5 volts. 

This measurement also provides an indication of 
the total power dissipation capabilities of a particular 
unit. Some units can dissipate as much as 450 mw in 
circuits such as this where precautions are taken to 
prevent thermal runaway in the base 2 region. If pre- 
cautions are not taken to limit the base 2 dissipation, 
then the 250 mw rating must be used in circuit design. 


Test #5—Emitter Voltage at I; — 1 ma—Fig. 5 


This test along with the test for y provides an indi- 
cation of the slope of the emitter characteristic in the 
negative resistance region near the peak point. Tests 
number 2, 4, 5 and 6 provide four points on the emit- 
ter characteristic curve. 


Test =6—Emitter Leakage Current (I-,)—Fig. 6 


The test for emitter leakage current is made with 
a reverse bias of 10 volts across the emitter junction 
as shown. This voltage is considerably lower than the 
60 volts used as a production test and specified for 
the regular types of unijunction transistor. The speci- 
fied maximum value of Igg at 25°C and 60 volts is 1 ua 
so a good unit in this test should give a deflection 
on the 100 ua meter which is barely detectable. 

This test is primarily useful in detecting units 
which have been damaged by exceeding the maxi- 
mum ratings. Such damage usually shows up as an 
increase in Iz9 before any of the other parameters are 
noticeably affected. 


Other Tests 


Several other tests are made possible by including 
a shunt in the base-two circuit. If the shunt is re- 
moved (base-2 open circuited) and the button for 
test 4 is pushed, the meter will read the emitter to 
base-one diode voltage, Vz; (diode). From this, the 
base-2 saturation voltage may be calculated from the 
equation: 

Vee (sat) — Veni (diode) — 0.8 


Similarly if the shunt is replaced by a milliammeter 
and the button for test 4 is pushed, the external me- 
ter will read the base-two modulation current Ip» 
(mod). This current provides an indication of the 
ability of a particular unit to switch heavy loads in 
the base-two circuit. The nominal value for Ig2 (mod) 
is 12 milliamperes with a range of 6.8 to 22 milliam- 
peres. 
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Transistor Bilateral Switches | 


PART 2 
WM. M. COOK* and PIER L. BARGELLINI? 


In many electronic equipments 


The application of transistors as a-c 


transistor bilateral switches. Part I, 


In Part I of this article (Semiconductor Prod- 
ducts July/August 1958), the analogy between 
the characteristics of a realizable switch and those 
of a symmetrical transistor were discussed; the bi- 
lateral switch mode of operation of transistors was 
described and transistor equivalent circuits for bi- 
lateral operation were presented and used to analyze 
the effects of transistor and circuit parameters on the 
performance of basic shunt and series switching cir- 
cuits. Certain difficulties encountered in the use of 
transistors as bilateral switches were pointed out. 
These include: 

1. The forward base current produces a de current 

and voltage component at both the input and output 

of shunt and series switches. This difficulty is con- 
siderably more severe in series switching. 

2. Even though the shunt switch is more satisfac- 

tory from the dc standpoint it is applicable only to 

relatively high impedance circuits. 

3. The series switch also suffers from loading of the 

signal circuit by the control circuit and modulation 

of the base current by the signal when the switch 
is on. 

4. To obtain good high frequency isolation a low 

base impedance is required in the series switch 

when it is off. This, however, is in opposition to the 
requirements for minimizing the above mentioned 
loading effects. 

In this installment, circuit techniques for the al- 
leviation of the above difficulties will be discussed. 
Practical circuits which have been built and tested 
will be described and performance data presented. 
Although the series switch presents greater difficulties 
it can be considered generally more useful. Therefore 
circuit techniques for series switching will be empha- 
sized. Many such techniques are applicable to shunt 
switches also. 


* Radio Corporation of America, Camden, N. J. 

{The Moore School of Electrical Engineering, University of 
Pennsylvania, Philadelphia, Pa. and Radio Corporation of 
America, Camden, N. J. 
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large numbers of electro-mechanical relays are used for 
low level a-c and d-c signal switching purposes. Transistors are being widely used to re- 


place relays in d-e switching and the techniques in this area are reasonably well-known. 
switching elements has received much less attention. 


The purpose of this article is to present techniques for replacing a-c signal relays with 
in the July/August issue discussed the theoretical 


aspects of the problem. This concluding installment deals with applications. 


BASE CONTROL FOR SERIES SWITCHES 


To achieve adequate off isolation and low on a 
tenuation in high frequency series switches, the ba 
impedance must assume low and high values respe¢ 
tively. The base impedance and bias requirement 
can be satisfied through the appropriate use of bi 
valued impedance elements. The low impedance stati 
of the non-linear elements must be effective when thl 
series switch is off in order to obtain low feed thrn 
(high isolation). The high impedance state must bi 
effective when the series switch is off in order to ob 
tain low attenuation. The base control techniques ini 
dicated in Fig. 9 fulfill these requirements. 


Diode Controlled Series Switch 


Referring to the diode controlled series switch o 
Fig. 9: the application of a positive voltage Vzr > 


A 
-- Vy at the control input terminal will forward bia; 
the diode and reverse bias the switch transistor. The 
total base circuit impedance is then: 
Ze 


To -!- Ta a Ty 


Where: 7, is the intrinsic base resistance of the tran 
sistor. 
rq is the forward ac resistance of the diode 
vr, is the ac impedance of the Ver source 


When the switch transistor is to be on, the diode 
must be reverse biased for all values of the input sig: 
nal to avoid distortion and loading in the signal cir 


. . . A 
cuit. This requires that Ver < — Vy y. The base im 
pedance under this condition is: 


Z’n =) + Za || Ro 


Where: Z, is the off ac impedance of the diode 
given by 


nad 1+ jm Ca rar, 


Yat 


Zi 


Ci is the diode transition capacitance 
rar is the diode leakage resistance. 


The forward voltage, —V,r, and the base resist 
ance, Rp, can assume high values, the only require 
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ent is that sufficient base current be supplied. In cir- 
‘its where on loading is an important factor,—Vepr 
ay be as high as 300 volts. This allows R; to be very 
rge, hence presenting negligible additional loading 
the signal circuit. Under these conditions: 


Z’; ~ Zq at high frequencies 
Zp ~ Yar || Rp at low frequencies 


A 

or Ver » Viy the power requirements of the switch 
e directly proportional to Vz,, since the forward 
ise current required is essentially constant. 


ansistor Controlled Series Switch 


Referring to the transistor controlled series switch 
Fig. 9, the switch transistor is on when Vzp is ap- 
ied at the control input terminal. With Vzp at both 
; base and emitter, the control transistor is off and 
rward base current is supplied to the switch tran- 
stor through R; and —V>p,r. In actual practice the 
\se-emitter junction of the control transistor should be 
verse biased by at least a few tenths of a volt. This 
especially true for high temperature operation. 
hen the control input is taken to ground, the con- 
ol transistor is biased to saturation by Vzr at its 
nitter. The base of the switch transistor is then at 
zr through the saturation resistance of the control 
ansistor. It should be noted that a unipolar control 
gnal is required for this circuit while a bipolar con- 
ol signal is required for the diode controlled circuit. 
The control transistor and a second additional tran- 
stor can be cross coupled to form a control flip-flop 
hich provides a latching switch action. This config- 
ration is shown in Fig. 10 for a single pole-double 
row latching signal switch circuit. In the circuit 
1own, the output is either signal S; or Se depending 
50n the state of the flip-flop. The circuit can also be 
ranged to supply a single input signal to either one 


‘two outputs. It should be noted that a transistor 


ovides only single-pole single throw action. Single 
sle-multiple position switching requires a transistor 
r each switch position. In the circuit of Fig. 10, the 
snal amplitude at the collectors of the control tran- 
stors must be taken into account in the design of the 
mtrol flip-flop. This technique has proven useful 
hen the signal swing is small and when base loading 
‘the signal circuit is not of major concern. For large 
snal amplitudes an external flip-flop can be used to 
sive either series circuit of Fig. 9. 


EDUCTION OF DC COMPONENTS IN SERIES SWITCHES 


In many applications, the introduction of de com- 
ynents into the signal circuit by a control circuit is 
desirable. Consequently, the base current of the 
vitch transistor poses serious limitations on the use- 
Iness of transistors as switches. However, a number 
‘techniques can be employed to greatly reduce the 
fect of base current on the signal circuit. These tech- 
ques depend upon the use of a compensating de cur- 
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—Ver 
DIODE SWITCH 


Fig. 9—Base switching in series switches. 


+VpR 
TRANSISTOR SWITCH 


— Ver 


Vo (4or2) 


A 
NOTE: Vg0 > Ver > Vin = 


Fig. 10—Flip-Flop controlled single pole-double throw 
latching series switch. 


rent of the same magnitude but opposite polarity. This 
compensation current is injected into the signal cir- 
cuit. Since the base current and the compensating 
current are nearly equal, but opposite in polarity, 
they tend to cancel. The effective de voltage compo- 
nent across the output is then reduced to a few milli- 
volts with reasonable circuit tolerances. There are 
several ways of obtaining this compensating current 
as indicated in the following circuits. 


Complementary Series Switches 


The circuits of Fig. 11 utilize complementary, sym- 
metrical transistors in parallel and series arrange- 
ments as series switches. Since the base currents of 
complementary transistors are of opposite polarity 
their effects in the signal circuit tend to cancel. In this 
application both transistors are driven on or off at the 
same time. 

The parallel complementary circuit of Fig. 11 has 
several unique features. If the transistors have the 
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PARALLEL = a 


same cutoff currents and speed of response, then all 
control signal and transistor effects will cancel as far 
as the load and source are concerned. Even if the units 
are not identical, considerable reduction in control 
signal and transistor effects can be realized. This cir- 
cuit also reduces the on resistance of the switch to 
approximately half the value for a single unit. Even 
more important is the compensation of the curvature 
in the effective on resistance characteristics. The sig- 
nal tends to oppose the base current of the p-n-p unit 
while it is aiding the base current of the n-p-n unit 
and vice versa. This action will allow large signal cur- 
rent swings with good linearity. It should be pointed 
out that this parallel arrangement can also be used 
effectively in shunt switching where particularly low 
de components, both on and off, are required. 

The major disadvantage of the parallel comple- 
mentary circuit is that the feed-thru paths of the two 
transistors are in parallel. Consequently, the feed-thru 
effects are higher in this circuit than in the single 
transistor circuit for given source and load imped- 
ances. Also the capacitance loading of the source and 
load is approximately twice that of the single transis- 
tor circuit. 

The series complementary circuit of Fig. 11 has bet- 
ter off characteristics than the parallel circuit, as to 
be expected. The feed-thru is lower and the capaci- 
tance loading is essentially the same as that of a single 
transistor switch. The on properties of the series ar- 
rangement are not as desirable as those of the parallel 
arrangement. The saturation resistance is higher and 
more non-linear than that of either the parallel or 
single unit switches. However, the base currents still 
tend to cancel. The condition of minimum de compo- 
nents in the signal circuit is not when the two cur- 
rents are equal. The base-to-base path of the base cur- 
rent is through the saturation resistance of two junc- 
tions in series in the signal path, developing a dc 
voltage component in the signal path. By making the 
base currents slightly unequal the de voltage at 
the input or the output can be reduced to nearly zero. 
The two conditions will not be satisfied simultane- 
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Ver 
Fig. 11—Complimentary 
panne Us symmetrical series 

switches. 
o-----— 
Ver 
SERIES 
ously. 


Both complementary circuits require balancee 
drives. The diode base control circuit is shown for thi 
parallel complementary arrangement. Either of the 
base control circuits shown in Fig. 9 is applicable te 
either the parallel or series configuration. 


Balanced Series Switches 


Compensation of de components in the source and) 
load can also be obtained without making recourse to 
complementary symmetry circuits. Two circuits provid- 
ing de compensation which use transistors of the same 
conductivity are shown in Fig. 12. One of these em- 
ploys two transistors in series as a single switch; the 
other provides multiple inputs and a single output or 
vice versa using a single switch transistor per switch. 


Two Transistor Series Switch 


In this circuit a current equal to the sum of the base 
currents required by the two transistors is supplied 
at the bases. A current of the same magnitude, but 
opposite polarity is supplied at the common point be- 
tween the two transistors. If the characteristics of two 
transistors are identical, the currents will divide 
equally between the two units. Since the base cur- 
rents flow in opposite directions in the signal paths, 
their effects cancel. Resistors must be placed either 
in the signal circuit or in the two bases to assure 
proper division of base currents when the two units 
are not identical. See Fig. 12. 

To turn this switch off, the control transistor is al- 
lowed to saturate and +V pp is applied at the bases of 
the switch transistors. +V sp must be more positive 
than +Vozr as well as+V,, to turn off the switch 
transistors. The addition of a diode between the cen- 
ter point of the circuit and a voltage Vypr such that 


A 
Ver>Vur>Viw will allow Vyyr to be any large value 
consistent with the on loading requirements. This cir- 
cuit provides excellent isolation properties since the 
two transistors are off and the diode between them is 
forward biased when Vp» is applied at the bases. 
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Fig. 12—Balanced series 
switches. 


ase Current Compensation in Multiple Switch Circuits 


In the multiple input circuit of Fig. 12, a current 
yual and of opposite polarity to the base current re- 
uired by any single switch is supplied at the common 
utput. To operate properly only one input signal can 
e connected to the output at a time. Furthermore, 
lis condition must always be maintained. Conse- 
uently, a dummy input must be provided for the 
ase when all signal inputs are to be open. The value 
f the load resistance can be adjusted to give the 
roper termination taking into account the effect of 
zp added at the output, i.e., 


Termination R = R; || R’, 


TRANSFORMER COUPLED TRANSISTOR BILATERAL 
SWITCHES 


The transistor switches which have been discussed 
) far are directly coupled to the control signal source. 
onsequently, they can be operated at any arbitrarily 
w duty cycle and repetition rate. If a switch is re- 
uired that will open and close at a fairly constant 
uty cycle and repetition rate, transformer coupling 
f the control signal can be employed to reduce the de 
mmponents of the control signal in the load. Two cir- 
lits which use transformer coupling of the control 
gnal are shown in Fig. 13. 


‘ansformer Coupled Floating 

ase Transistor Series Switch 

In this circuit, the driving pulses are transformer 
yupled to the base of the switch transistor. The sec- 
adary of the pulse transformer is connected through 
current limiting resistor Rp; and a capacitor Cz be- 
veen the output (or input) point and the base ter- 
inal. A diode (or resistor) is placed across the sec- 
wdary of the transformer to prevent ringing. The 
glue of Cz is chosen so that the charge placed upon 
during the forward base pulse is sufficient to main- 
in the base reverse biased during the off period. The 
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OUTPUT 


reverse base voltage Vzr connected to the base 
through Rzp serves two purposes: 

1. To compensate for variations in the discharge 

time of Cz due to variations of reverse base current 

with temperature. 

2. To maintain the transistor in the off condition if 

the control signal is interrupted. 
It should be noted that Cp, blocks the flow of de cur- 
rent from Vzp to the load. However, a small current 
will flow in the load while Cz is charging to Ver. The 
magnitude of this current is determined by the mag- 
nitude of Ver (Rere+Rsz-+Rz) and the amount of 
the charge on Cz immediately after the forward pulse. 
When the base is driven negative by the forward 
pulse the major portion of the current flows around 
the transformer loop. The voltage drop across the 
saturated junction in the transformer loop will induce 
a very small dc current in the signal circuit. 


Balanced Transformer Coupled Series Switch 


By transformer coupling the two transistor switch 
of Fig. 12 in the manner shown in Fig. 13 further re- 
ductions in the de components are possible. In this 
circuit, no bias is required for the bases since either 
the junction next to the source or the one next to the 
load is reverse biased depending on the polarity of the 
input signal.! However, considerable improvement in 
the off isolation is obtained using the techniques de- 
scribed above. The transformer coupled circuits will 
not in general give the degree of isolation obtainable 
with the direct coupled circuits. In the case of the 
single transistor transformer coupled circuit, only the 
junction next to the source provides isolation at high 
signal frequencies. In the two transistor circuit with 
the base biased, the junction next to the source is in 
series with the one next to the load so far as high fre- 
quency isolation effects are concerned. 


EFFECTS OF THERMAL CURRENTS 


In Part I of this article it was noted that the reverse 
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thermal current of the transistor contributed to the de 
component in the output of the shunt switch. Thermal 
currents also contribute to the de components in series 
switches; however, the effect is less severe in series 
switches because of the lower impedance levels. It is 
extremely difficult to compensate for the thermal cur- 
rents due to their considerable variation from unit to 
unit and with temperature. The direction of the de 
components due to the thermal currents is opposite to 
that of the de components produced by the base cur- 
rent. It is possible however, to make the compensating 
current slightly larger than the base current and vari- 
able with temperature in such a manner as to produce 
a de component which is independent of the off or on 
condition. 

The effects of thermal currents and de components 
due to base current can be eliminated so far as the 
signal circuit is concerned through the use of trans- 
formers for both signal input and output. The effect 
of the de component due to base current alone can be 
reduced using a transformer for either the signal in- 
put or the signal output.” 


PRACTICAL TRANSISTOR BILATERAL SWITCH CIRCUITS 


The circuit techniques which have been discussed 
can be applied to a large variety of signal switching 
applications. The selection of a particular circuit will 
depend on many factors. These factors include tran- 
sistor availability, the off isolation and on attenuation 
requirements, the signal circuit impedance levels, and 
the tolerance on de components. A number of circuits 
have been built and tested to prove the feasibility of 
transitor bilateral switches. Some of these circuits will 
be described in the following sections. 


Experimental Pulse Amplitude Modulation System 


An experimental two channel PAM system using 
bilateral switches as the modulators and demodu- 
lators and some of the waveforms obtained in this sys- 
tem are shown in Fig. 14. Since the driving waveform 
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BALANCED TRANSFORMER 
— COUPLED SERIES SWITCH 


Fig. 13—Transformer 
coupled series switches. 


in a PAM system is characterized by constant pulse 
width and repetition rate, transformer coupled bi- 
lateral switches were used in the modulators and de- 
modulators. 

The driving waveforms (G; and G2) shown in Fig: 
14, are 5 usec pulses with a period of 120 usec, i. e., a 
pulse repetition rate of 8.33 kc, allowing the transmis- 
sion of input information with frequency components 
up to approximately 4 kc. The gating pulses for chan- 
nel 2 are delayed with respect to those of channel 1 by 
the desired channel spacing. The minimum channel 
spacing is dictated by the cross-talk requirement be- 
tween the channels once the samplers, specifications 
are known. All samplers of this general type have 
some trail-off. of the in-channel information into the 
adjacent channel. The magnitude of the trail-off and 
the channel spacing as well as the signal feedthru of 
the switches determine the amount of cross-talk be- 
tween channels. 

The waveform obtained at the base of one of the 
modulators is also shown in Fig. 14. The shaded areas 
of this waveform show the variation with input signal. 
The on RC time constant in the base circuit must be 
sufficiently long to provide adequate base current for 
saturation during the entire gate pulse. An RC time 
constant of 6 usec was used. 

On the other hand, the off time constant must be 
long enough to hold the base off for the entire period 
(115 usec), but short enough to allow sufficient dis- 
charge so that the next forward pulse can saturate 
the transistor. An RC time constant of 87 usec was 
chosen. 

The modulator output waveform of Fig. 14 indicates 
the problems associated with this circuit. The most 
severe is the turn-on transient. This spike is due to 
the capacity feedthru of the leading edge of the gate 
signal. The other problem is the variation in turn-off 
characteristics with signal amplitude and the signal 
trail off (about 0.3 usec in this case). The use of sym- 
metrical transistors with good high speed switching 
characteristics minimizes this difficulty. 
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The gating signals for the demodulators must be 
mchronized with the corresponding gate signals of 
e modulators. The outputs of the demodulators have 
rge time constants (RC — 240 usec) so that the high 
equency components due to the sampling are par- 
ally filtered. Since the load capacitor of the demodu- 
tors is .01 ufd the input impedance to the amplifier 
25K. A low pass filter was employed to further re- 
ace the sampling transients. 
The performance of this system is as follows: 
Input Signal 3 volts peak, 4 ke max. 
(The input amplitude was limited by the 
particular amplifiers used and not by the 
modulator or demodulator characteristics.) 
Adjacent channel cross talk with 10 usec 


channel spacing —T0db 
Adjacent channel cross talk with 5.3 usec 
channel spacing —60db 


oaxial Line Switches 


Several of the techniques which have been de- 
sribed can be readily applied to coaxial line or high 
‘equency signal switching. The choice of the particu- 
i circuit will depend upon two major factors, 
amely: 

1. The transistor capacitances and extrinsic base 
resistance of available transistors 

2. The off isolation required at high frequencies. 
The circuit shown in Fig. 15 employs a single tran- 
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Fig. 15—Coaxial line switch using low capacity sym- 


metrical transistors. 


sistor as the basie switch element. The switch transis- 
tors used in this circuit were experimental RCA tran- 
sistors with Cc, and Cy, less than 3 uufd at 6 volts 
reverse bias and 1, less than 200 ohms. The penalty paid 
for low transition capacitance is usually reduced gain, 
consequently, By and 6; were as low as 10. This circuit 
could handle 3.0v peak to peak signal across 75 ohms, 
i.e., 20 ma of peak current, with good linearity. The 
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Fig. 14—Experimental two channel PAM system using bilateral switches as modulators and demodulators. 
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control transistors used were 2N269’s. Since the con- 
trol transistors carry current in only one direction, 
non-symmetrical units are satisfactory. The control 
transistors were driven from a single pole double 
throw de switch to provide single pole double throw 
action in the high frequency lines. A flip-flop could 
be used to provide the same function. Fig. 15 shows 
the common terminal at the input with separate out- 
puts. This is not a necessary restriction and the func- 
tions can be reversed. When the circuit is used as 
shown, the load ends of both output lines should be 
terminated; then the input line always has approxi- 
mately the correct termination. When the functions 
of output and input are reversed, the output line must 
still be terminated. The addition of the shunt switches 
as shown by dotted lines will provide constant ter- 
mination for all lines. The operating characteristics 
of this circuit are as follows: 


Off feedthru at 6 mc when terminated 


in 75 ohms —60 db 
On Attenuation from 0 to 6 mc 0.5 + 0.1.db 
de shift across 75 ohms 10 mv max 

: ; loss 0.5% 
i eaity / phase at 3.58 mc .05 degree 
Total power dissipation (excluding 

shunt switches) 300 mw. 


A computation of the off feedthru isolation of this 
circuit using the equations developed in Part I of this 
paper yields —75db. The difference between the 
measured and calculated values is due primarily to 
feedthru effects attributable to stray capacitance. It 
should be noted that 0.35 uufd of stray capacity be- 
tween input and output will result in —60db feedthru. 
Consequently the layout and choice of circuit compo- 
nents is extremely important and should receive the 
utmost care. 


In Fig. 16, a coaxial line switcher employing avail- 
able developmental transistors is shown. The high 
transition capacitance, Cy, and Cy», of 25 wufd maxi- 


Fig. 18—3 input—3 output high frequency switching 
matrix. 
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mum at 6 volts reverse bias, of both these units makes - 
it necessary to use the complementary series arrange- - 
ment for good isolation. The use of either of these: 
transistors in the previous circuit would give approxi- - 
mately 46 to 50 db isolation at 6 mc. However, the use 3 
of the series complementary arrangement yields 58 to 
62 db isolation at 6 mc when the switches are ter- 
minated in 75 ohms. Here again the switch was con- 
trolled by a mechanical switch which could be re- 
placed by a control flip-flop. The considerations with 
regard to inputs and outputs that were discussed for : 
the circuit of Fig. 15 apply equally well to this circuit. | 

The operating characteristics of this circuit are as § 
follows: 


Off feedthru at 6 mc when terminated 


in 75 ohms —62db 
On attenuation from 0 to 6 mc 0.6 + 0.1 db 
de shift across 75 ohms 12 mv max 
*Linearity } loss 67% 
phase at 3.58 mc .08 degrees _ 
Total power dissipation 570 mw. | 
QUTPUT 
4 
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-DIODES- 1N 270 OR EQUIV. HI-COND. TYPE 


Fig. 16— Coaxial line switch using available symmetrical 
transistors. 


High Frequency Switching Matrix 


An experimental 3 input-3 output, high frequency 
switching matrix was constructed using the circuits 
of Fig. 17. The matrix was designed to switch between 


_ terminated transmission lines and high impedance 


isolation amplifiers. The high output impedance was 
required so that more than one output could be con- 
nected to any input without unduly affecting the in- 
put termination. The shunt switches in Fig. 17 were 
used to ground each output when no input connection 
was desired. The high frequency crosspoints were 
controlled by push button mechanical switches. The 
mechanical switches were arranged so that the out- 
puts could be stacked on any input, but only one input 
could be connected to any output at any given time. 


*Linearity of loss and phase are defined as the change in on 
attenuation and phase shift with signal amplitude. 
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Fig. 17—Transistor high frequency switching matrix. 


The transistors used in the switch were commer- 
ally available transistors selected for reasonable 
ains in both directions, i. e., by and 6; > 20. Commer- 
al transistors were selected because of their better 
vailability when the equipment was constructed. The 
omplete switching matrix is shown in Fig. 18. 

The operating characteristics of the matrix are as 
yllows: 


Feed thru with the output shunted 


at 4.5 mc >—715db 
Feedthru of a single cross point at 

4.5 mc —62db 
Maximum cross-talk at 4.5 me —46db 
On attenuation from 0 to 4.5 me 0.6 + 0.1db 
de shift across 75 ohms 8 mv max 

F 7 loss 0.3% 
eee cartly phase at 3.58 mc .05 degree 
Total power dissipation 1.5 watts 


The rather high feedthru of the cross point (—62db) 

/due to stray wiring capacitance. The wiring feed- 
wu with the crosspoint boards removed from the 
aassis was also —62db. The feedthru capability of 
1e cross-point circuit neglecting all stray capacitance 
less than —94 db. Using the RCA experimental low 
apacity transistors in a circuit similar to the cross- 
oint circuit, feedthru of approximately —80 db at 
mc has been obtained. The cross-over time between 
vo signals in the high frequency switches which have 
2en described is determined by the mechanical con- 
‘ol switches. When these circuits are driven by high 
seed transistor flip-flops the cross-over time between 
vo signals is typically less than 1.0 usec. 
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CONCLUSIONS 


Transistors can provide effective means of switch- 
ing ac signal paths. Using low junction capacitance 
transistors, off feedthru as low as —80 db at 6 mc can 
be obtained. The on attenuation and its variation with 
signal level is typically very low. Although the mate- 
rial which has been presented is primarily limited 
to high frequency series switches, it should be evident 
that the techniques presented are fully applicable to 
low frequency signal switching. The off isolation ob- 
tainable at low frequencies is typically greater than 
80 to 100 db. 

The circuit techniques which have been presented 
are by no means comprehensive. Many circuit con- 
figurations including combinations of series and shunt 
switches are possible. However, the majority of the 
difficulties encountered in the use of transistors as 
bilateral switches can be effectively overcome by 
choosing suitable transistors and using the circuit 
techniques which have been described. Transistor 
bilateral switches should prove useful in a variety of 
signal switching applications where high reliability 
is required. The fast switching time of transistors as 
compared to relays offers interesting possibilities, 
particularly in the area of visual data handling and 
processing. 
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A Transistorized Radio Direction Finder 


HOWARD GRONEMEIER* 


Because of its specialized marine application, the design of this receiver involves electrical 
specifications and other requirements not encountered in conventional portables. The 
author discusses problems and solutions with emphasis on unusual circuitry. 


HE DESIGN of a radio direction finder seems 

at the first glance to be practically the same as 

that of a conventional commercial broadcast re- 
ceiver. But upon closer examination, significant dif- 
ferences emerge which must be taken into considera- 
tion. It is these differences which will be stressed in 
this discussion, rather than the general problem of 
designing a radio receiver. 

Electrical specifications can be listed as follows: 

Band coverage. The receiver covers a frequency 
range from 200 ke to 3.4 mc in three bands: Beacon, 
200 to 400 ke; Broadcast, 550 to 1600 ke; Marine, 1.7 
to 3.4 mc. The unit is useful as a direction finder on 
all three bands. 

Power oufput. Undistorted output power is one watt, 
which is great enough to overcome ambient boat noise 
and small enough for long battery life. 

Selectivity. Since the beacon station bandwidths are 
very narrow, the i-f selectivity is as narrow as prac- 
ticable. 

Sensitivity. Sensitivity is about 50 microvolts/meter. 
This level is chosen to permit the reception of all 
beacon stations at their published ranges. The re- 
ceiver is designed to deliver a 0.5-watt signal which 
is 6 db different in amplitude with and without 50% 
modulation when excited by a field strength of 50 to 
100 microvolts/meter. 

Batteries. Principal considerations are availability, 
cost, and life. The set uses four lantern cells of a stand- 
ard type commonly available at low cost, sometimes 
at less than $1.00 each. They will last through a boat- 
ing season at the very minimum. In many cases shelf 
life will probably be a limiting factor. 

Automatic volume control. Since the receiver is to 
serve at times as an entertainment device, it includes 
a-v-c in one switch position. This feature also aids in 
tuning the receiver. 

Direction finding. A switch position is provided to 
depress the receiver gain a fixed amount with varying 
input signal. This serves to provide a sharp null when 
the antenna is rotated to a position of minimum signal 
reception. 

Null meter. In addition to the null indication pro- 
vided by the speaker, visual indication, which can be 
perceived far more accurately than aural indication, 
is provided by a meter. To provide still greater ac- 


*Commercial Equipment Engineering, Raytheon Manufactur- 
ing Company, Waltham 54, Massachusetts ~ 
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Fig. 1—Transistorized radio direction finder 


curacy, the meter works independently of audio, 
modulation. 

Battery check. A metering circuit indicates the con- 
dition of the batteries under load and permits an esti-_ 
mate of their remaining life. | 

Water. Since the unit is intended primarily for ma- 
rine use, it is designed to resist water splash and salt 
spray. 

Heat. Heat is a factor which must be considered 
in designing transistorized devices. The heat gener- 
ated within the receiver is practically negligible, but 
if the unit is left on a boat-deck fully exposed to the 
sun, the temperature of the air inside the case may 
rise to a level which is dangerous to transistors. The 
case is therefore designed to supply enough air cir- 
culation and the color chosen to reflect enough heat 
so that the internal temperature will not exceed the 
safety limit of 85°C under any reasonable summer 
conditions. Specifically, the transistors must be safe 
and all circuits operative with the unit fully exposed 
to the sun on a day when the surrounding air is at 
85°F. 

Dimensions. The unit measures roughly 13% x 7% 
x 9 inches. Extreme compactness was not an objec- 
tive, since miniaturization of the chassis would have 
had little effect on over-all space requirements in- 
volving air circulation for cooling, a speaker cone and 
baffle of adequate size for broadcast listening, bat- 
teries of ample capacity, and easy access for servicing. 
Furthermore, the antenna coil is already slightly 
longer than the depth of the case and could not be 
shortened without loss of efficiency. 
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Fig. 2—Circuit diagram of audio amplifier. R22 is 330 ohms. R15 (1.2K) connects to bias source. 


Transistors. Transistors are used in the interest of 
reliability, long life, and low power consumption. 

Printed circuitry is used, but only where the cir- 

cuitry is common to all bands, that is, from the input 
of the i-f amplifiers through the audio output. The 
complex switching preceding the i-f amplifiers lends 
itself more easily to conventional wiring techniques. 
- Figure 2 is the circuit diagram of the audio system. 
Q3 is a CK878 transistor which amplifies the audio 
fed from the second detector. It has a 1000-ohm re- 
sistor in series with the base, which reduces the gain 
somewhat. The 47 ohm resistor in the emitter circuit 
also reduces the gain. But both of these elements in- 
erease the impedance seen by the second detector 
diode and allow it to work more linearly. The audio 
amplifier load is made up by the volume control in 
shunt with whatever load is provided by the follow- 
ing driver stage. 
_ The driver stage, which employs Q4, another CK878 
type transistor, is likewise made degenerative by an 
unbypassed resistor in the emitter circuit to decrease 
the loading effects on the previous circuit. Q4 oper- 
ates with about 4.5 ma of collector current and is ca- 
pable of supplying enough power to overdrive the 
output stages. Its load is the primary of the phase 
splitting transformer which supplies push-pull drive 
to the power stage. 

The output circuit employs Q5 and Q6, a pair of 
2N176 transistors which operate very close to Class B. 
[There is some idling current through each transistor 
without an input signal. This is to avoid crossover 
jistortion which occurs with true Class B operation. 

Thermistor R26 is used to maintain the proper 
yperating point for the transistors over a range of tem- 
yeratures. As the temperature rises, the collector cur- 
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rent tends to increase due to the increase in I,, flow- 
ing in the resistance between base and ground. This 
effect is canceled by the thermistor resistance, which 
varies with temperature. The required resistance was 
determined empirically by actually varying the tem- 
perature of the circuit and plotting the resistance 
values required to maintain a constant collector cur- 
rent. The thermistor and shunt resistor combination 
closely follows the original resistance plot. 

The output transformer presents a 50 ohm load 
from the 3 ohm voice coil of the speaker, which 
drives a 4” x 6” oval cone. A jack is provided directly 
across the primary of the output transformer so that 
high-impedance headphones may be used for easier 
listening under the high ambient noise conditions en- 
countered on a motor-boat. The intentional imped- 
ance mismatch serves to prevent excessive volume in 
the headphones. 

The i-f amplifier, shown in Fig. 3, is conventional. 
Double-tuned circuits are used for improved skirt 
selectivity. The response is about 7 kc wide at the 
3 db points and about 25 ke wide at 30 db down. 
Both stages (Q1 and Q2) are neutralized, and the 
condenser values were determined by experiment. 
2N484 transistors were selected because the collector 
capacitance of this type is held to a limited range and 
individual neutralization for individual units is not 
necessary. According to measurements, the peak of 
the response curve shifts only about 500 cycles with 
changes in bias. The emitter and base d-c resistances 
were selected to provide good temperature stability. 
An effort was made to keep the base return resistance 
in each circuit no more than three times the value 
of the emitter resistance, but this is impossible when 
the switch is in the “Broadcast” position, since the 
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Fig. 3—Circuit diagram of i-f amplifier. 


first i-f stage then has a base return through about 
7500 ohms. However, even if the receiver should be- 
come inoperative on the broadcast band under severe 
temperature conditions, operation can be restored by 
placing the switch in the “Direction Finding” position, 
where the maximum return in the base is 750 ohms. 
In this position, the bias fed on the a-v-c line is de- 
termined by a 500 ohm control which operates in 
tandem with the volume control. 

The second detector circuit is unusual enough to 
require some preliminary explanation. Fig. 4 shows 
the characteristic curve of a diode. The lines drawn 
tangent to the curve indicate the resistance presented 
by the diode at the point of tangency. As the diode 
current increases from zero, its dynamic resistance 
decreases. Thus, if the diode is forward-biased to a 
point where it still retains its nonlinearity but its 
dynamic resistance is reduced, it can better be 
matched into low impedance circuits. Small voltages 
such as occur in low-impedance circuits do not drive 
the diode into the low-impedance area of its char- 
ecteristic. Power gain can be obtained by improving 
the match in this manner, and the diode detects more 
linearly with different levels of modulation. 

Figure 5 shows how this is accomplished. R13, R12, 
and R10 make up a bleeder from the power supply. 
The voltage across R12 is applied across the meter, 
R11, and the diode, all of which are in series. This 
causes a current of 4 to 5 microamps to flow through 
the diode in the first three switch positions, thus 
supplying the desired forward bias. 

In the fourth position of the switch, R23 becomes a 
load resistor across the battery, and the meter meas- 
ures the current through R31 so as to indicate the 
battery voltage under load. The switch is spring- 
loaded in the fourth position so that it returns to the 
third position when released. This is to avoid acci- 
dentally leaving the load on the battery. 
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Fig. 4—The heavy line is the curve of a diode character- 
istic. The slope of lines A and B represent the dynamic 
resistance of the diode at the point of tangency. 
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Fig. 5—Second detector and switching circuit. 
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Fig. 6—R-F amplifier 2nd converter showing reception of only one band. 
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Fig. 6A—A-V-C characteristic at a nominal setting of the 
volume control. 


Radio frequency amplifier Q101 and converter 
@102 are both 2N247 transistors. Three advantages 
of this type are low collector capacitance (1.7 wif) 
which requires no neutralization; a good gain up 
through and beyond the specified frequency limit of 
3.4 mc, and a relatively low noise figure. The signal 
is fed to the base of the r-f amplifier by means of a 
secondary winding which is coupled to the adjustable 
inductance in the antenna circuit. This makes it 
possible to supply gain control to the r-f stage as well 
as to match the input of the transistor. 

Figure 6 is a simplified diagram showing the basic 
circuit. In the actual circuit, the various tuning ele- 
ments are switched in and out to provide reception 
throughout the three bands. The emitter voltage is 
provided with a relatively heavy current bleeder to 
hold the emitter voltage somewhat “stiff” with 
changes in emitter current. This reduces the d-c de- 
generation of the circuit and improves the a-v-c gain. 
The measured a-v-c characteristic is shown in Fig 6A. 

The signal from the r-f amplifier collector is coupled 
to the converter through a secondary winding to 
match the input impedance of that stage. Tuning 
circuits in the r-f amplifier output were originally 
tapped for connection to the collector at a lower im- 
oedance. However, spurious responses were encoun- 
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tered, and it was found necessary to drive into the 
total of the tuned circuit and avoid the taps. This ac- 
tually increased the gain but introduced some 
instability, which was remedied by series resistors in 
the emitter and collector leads as shown in Fig. 6. 

The converter operates as an oscillator with feed- 
back from collector to emitter. The collector current 
passes through a winding which is coupled to a 
tuned circuit in the emitter circuit. The tuned circuit 
is tapped to reduce loading and provide matching to 
the emitter. The collector current contains the r-f 
signal, the oscillator signal, sum and difference fre- 
quencies, and various harmonics. This current is fed 
through the primary of the first i-f transformer which 
presents a high impedance at 455 ke which is the i-f 
frequency. 

Power delivered from the antenna to the input cir- 
cuit was determined in the following manner: The 
maximum voltage induced in the loop is! 


and the radiation resistance is” 


Ry = 31.2 <0 (“4) 


9 


« is the field strength in volts per meter 
N is the number of turns in the loop 

A is the area of the loop in square meters 
\ is the wavelength in meters 


where 


From this information it can be shown that if perfectly 
matched to a load the antenna would deliver to the 
load a power equal to 


(a «)? 
~ 31.2 X 108 
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Fig. 7—The diagram illustrates the manner in which the 
loop antenna is switched to accommodate the three bands. 


which is independent of the number of turns and the 
area of the loop. 

Because the radiation resistance is so small, we 
match to the resistance in the circuit which is the 
determining factor in the circuit Q. This means that 
only half of the available power gets to the load, the 
other half being consumed in the circuit resistance. 
And taking into account the mismatch between the 
radiation resistance and the combined circuit resist- 
ances, the final result shows the power delivered to 


the load to be 
horsey NA \: 
Rr IN 


In the case of a rod antenna, the area of the loop is 
multiplied by u.;; where 


i, 


inductance of coil with rod 
Meff = 


inductance of coil in air 
and the final equation becomes 


NA Mesf 
oN 


i (rie 


Ry 


By 
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which assumes that R; is much greater than the radi 
tion resistance, the usual case. Using the above equa 
tion, it can be determined how much gain is require 
in the receiver as well as what the minimum signa 
strength must be to obtain a given signal-to-noisi 
level. 

To obtain maximum power to the input, the turn; 
should be made as large in number as possible, an 
u,;; should be as large as possible. The number o 
turns is limited by the amount of inductance the 
can be tolerated at any frequency to obtain tuni 
and tracking. Another problem is hand capacity; 
which affects the action of the receiver when the an: 
tenna is moved for direction finding. 

The ratio, i.,; can be increased by increasing 
L/D ratio of the coil, where L is the length of the coi) 
and D is its diameter. Since all of the effects are in- 
teractive, the best compromise must be found. 

In the described receiver, the turns on the antenna 
provide about one-half of the total required induct- 
ance. These turns are spread out as much as prac~ 
ticable to obtain the greatest L/D ratio. As seen in 
Fig. 7, taps are brought off the antenna to the selector 
switch to change the number of turns for each band. 
Another portion of the switch places a capacitor across 
the unused windings to move the self-resonant fre- 
quency to a region well below the received band. 

The battery supplies are split up to avoid heavy 
filter circuits. All of the ouput power is taken from 
a separate supply so the fluctuations in voltage will 
not be reflected into any of the preceding circuits. 

It has been found necessary to place a 0.2 uf capaci- 
tor from collector to ground of the audio driver stage. 
High man-made noise peaks generate harmonics 
which would be received by the antenna when tuned 
to about 200 ke. 

The r-f amplifier, is of course, very important in 
determining sensitivity. In about 10% of the receivers 
it may be necessary to select transistors to meet 
receiver specifications. 

The first production receivers indicate that the 
original specifications are being met. Tests show that 
180 degrees of antenna rotation changes the reading 
by a maximum of 0.5 degree. On readings made to 
transmitters within sight, the indicated bearing was 
repeatedly found to be within +1 degree of the line- 
of-sight reading. 


; 


*"From Terman, Radio Engineers’ Handbook, 1943, 
p. 813, 814. 
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: PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


: and Circuits and Applications Jan. 1948 to May 2, 1950 


January 27, 1948 


2,434,960 Metal Rectifier;—E. <A. 
Richards; Assignee: International 
Standard Elec. Corp.; A dry rectifier 
element comprising a base plate, a 
semiconducting layer, a counterelec- 
trode, and a cover plate. 

2,434,967 Rectifier and Method of 
Making the Same;—M. Skinker, I. 
Denyssen, M. Kolmes; Assignee: 
Federal Telephone and Radio Corp.; 
The construction of a rectifier of the 
semiconducting layer and counter- 
electrode type. 


March 9, 1948 


2,437,322 Electrical Rectifiers;—L. K. 
Hedding; Assignee: The Union 
Switch and Signal Co.; A rectifier 
unit comprising a cooling vane and 
two rectifier elements. 

2,437,336 Alternating Electric Cur- 
rent Rectifier;—L. E. Thompson, A. 
Jenkins; Assignee: The Union 
Switch and Signal Co.; An A.C. 
rectifier comprising a counterelec- 
trode applied to the surface of a 
semiconductor. 


March 16, 1948 


2,437,995 Selenium Rectifiers;—W. E. 
Blackburn; Assignee: Westinghouse 
Electric Corp.; The process of mak- 
ing selenium units. 


April 6, 1948 


2,438,923 Method for Making Sele- 
nium Elements;—C. A. Kotterman; 
Assignee: Federal Telephone and 
Radio Corp.; Method consists of ap- 
plying a layer of vitreous selenium 
to a carrier plate, heating, cooling, 
and subjecting the plate to a high 
gas pressure. 


*Source: Official Gazette, United States 
Patent Office. 


Compiled by SIDNEY MARSHALL 


2,439,290 Composition for Igniter for 
Rectifiers;—G. H. Fetterley; As- 
signee: Norton Co.; An igniter in 
which the semiconductive element is 
titanium nitride. 


April 27, 1948 


2,440,297 Apparatus for and Method 
of Electroforming of Rectifier Ele- 
ments;—W. E. Rieken; Assignee: 
Federal Telephone and Radio Corp.; 
A rotating drum arrangement for 
forming several rectifier elements. 


June 8, 1948 


2,442,755 Piezoelectric Crystal Grow- 
ing Method;—C. J. Christensen; As- 
signee: Bell Telephone Laboratories; 
A diagonal type seed crystal plate 
cut from a_ piezoelectric mother 
crystal. 


June 22, 1948 


2,443,878 Method of Manufacturing 
Selenium Cells;—J. J. van Amstel; 
Assignee: Hartford National Bank 
and Trust Company; Adhesion be- 
tween the selenium layer and the 
conductive electrode is substantially 
increased. 


July 6, 1948 


2,444,430 Metal Rectifier Element;— 
H. S. Denmark; Assignee: Federal 
Telephone and Radio Corp.; A sele- 
nium-thallium alloy layer in the 
pressure zone between the base ele- 
ment and the counter electrode. 


July 27, 1948 


2,445,769 Rectifier and Assembly;— 
W. Fiore; Assignee: Federal Tele- 
phone and Radio Corp.; A dry disc 
rectifier. 

2,445,805 Enclosed Rectifier;—M. F. 
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The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
: 1948 to 1950. In subsequent issues patents issued from 1951 to date will be presented in a 
: similar manner. After bringing these abstracts up to date, PATENT REVIEW will appear 
every three months, the treatment given to each item being more detailed. 


Skinker; Assignee: Federal Tele- 
phone and Radio Corp.; A hermet- 
ically sealed rectifier unit. 


August 3. 1948 


2,446,237 Selenium Rectifier;—G. F. 
Mueller; Assignee: Fansteel Metal- 
lurgical Corp.; Method of producing 
blocking layer devices by treating 
the selenium layer with benzonitrile 
vapors. 

2,446,238 Selenium Rectifier Plate;— 
G. F. Mueller; Assignee: Fansteel 
Metallurgical Corp.; Method of pro- 
ducing blocking layer devices by 
treating the selenium layer with 
benzo-phenone vapors. 

2,446,239 Selenium Rectifier Disk;— 
G. F. Mueller; Assignee: Fansteel 
Metallurgical Corp; Method of pro- 
ducing blocking layer devices by 
treating the selenium layer with 
benzaldehyde vapors. 

2,446,465 Selenium Rectifier;—S. S. 
Fry; Assignee: Fansteel Metallurgi- 
cal Corp.; Method of producing 
blocking layer devices by treating 
the selenium layer with a-benzildi- 
oxime vapors. 

2,446,468 Selenium Rectifiers;—S. S. 
Fry; Assignee: Fansteel Metallurgi- 
cal Corp.; A blocking layer device 
the counter-electrode of which is 
composed of bismuth, tin, lead, cad- 
mium, and magnesium. 


August 10, 1948 


2,446,617 Method of Producing Elec- 
trically Semiconducting Coatings;— 
B. Stalhane; Assignee: Allmanna 
Svenska Elektriska Aktiebolaget (A 
Swedish Corporation); Method of 
providing a coating on a metal which 
can form an insulating oxide. 


August 24, 1948 


2,447,534 Metal Rectifier;—E. A. 
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Richards; Assignee: International 
Standard Electric Corp.; A metal 
rectifier assembly comprising a plu- 
rality of parallel connected rectifier 
units. 

2,447,630 Method of Making Selenium 
Rectifiers;—W. E. Blackburn; As- 
signee: Westinghouse Electric Corp.; 
Method comprises coating a conduc- 
tive layer with amorphous selenium. 
2,447,829 Germanium-Helium Alloys 
and Rectifiers Made Therefrom;— 
R. M. Whaley; Assignee: Purdue 
Research Foundation; An alloy com- 
prising germanium impregnated with 
helium. 


September 14, 1948 


2,449,444 Selenium Rectifier;—W. E. 
Blackburn; Assignee: Westinghouse 
Electric Corp.; Selenium surface is 
coated with magnesium thiosulfate 
in a volatile organic solvent. 


September 28, 1948 


2,450,020 Manufacture of Rectifier 
Disks;—E. A. Richards, L. J. Ellison, 
F. Gray; Assignee: International 
Standard Electric Corp.; A process 
of manufacturing a plurality of aper- 
tured center-contact rectifier ele- 
ments. 


October 12, 1948 


2,450,886 Semiconductor;—C. A. 
Escoffery, M. D. Merva; Assignee: 
Federal Telephone and Radio Corp.; 
Introduced into the selenium layer 
are compounds of iodine, chlorine, 
and bromine. 


November 2, 1948 


2,452,577 Dry Rectifier Element and 
Method of Manufacture;—C. A. Kot- 
terman; Assignee: Federal Tele- 
phone and Radio Corp.; A process 
for producing a dry rectifier element 
having a semiconducting layer of 
specific thickness. 

2,452,603 Metal Contact Rectifier;— 
O. Saslaw; Assignee: Federal Tele- 
phone and Radio Corp.; A metal 
contact rectifier which has a sele- 
nium layer fused to a base plate. 


November 16, 1948 


2,453,763 Selenium Rectifier and 
Process for Making Same:—C. Scud- 
der; Assignee: Samuel Ruben; 
Selenium layer is composed of a 
Selenium Halide and an Alkalai 
Metal Halide. 


November 30, 1948 


2,454,843 Metal Rectifier;—A. M. 
Searle; Assignee: International 
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Standard Electric Corp.; An assem - 
bly of dry contact rectifier disks. 


December 28, 1948 
2 Ce eee 


2,457,138 Rectifier;—G. A. Escoffery; 
Assignee: Federal Telephone and 
Radio Corp.; A tubular rectifier us- 
ing a semiconductive material. 
2,457,186 Method of Electroforming 
Rectifier Elements;—M. J. Stateman; 
Assignee: Federal Telephone and 
Radio Corp.; Method of selecting 
elements for the selenium layer and 
the counter-electrode and electro- 
forming said elements up to about 25 
volts. 


January 25, 1949 


2,459,848 Rectifier Element;—M. J. 
Stateman; Assignee: Federal Tele- 
phone and Radio Corp.; A dry sele- 
nium rectifier element. 

2,459,869 Crystal Growing Appara- 
tus:—C. J. Christensen, A. —-C. 
Walker; Assignee: Bell Telephone 
Laboratories; A method of growing 
crystals from a nutrient solution cir- 
culating in contact with excess solid 
salt. 

2,459,886 Selenium Rectifier;—W. P. 
Krok; Assignee: Lorrain Products 
Corp.; Selenium surface is treated 
with hydrochloric acid. 


February 8, 1949 


2,461,084 Alternating Electric Cur- 
rent Rectifier of the Dry Surface 
Contact Type;—R. C. Sell, L. E. 
Thompson; Assignee: The Union 
Switch and Signal Co.; A rectifier 
sealed in a cavity and engaged in a 
heat transfer process with respect to 
two cooling members. 


February 22, 1949 


2,462,186 Rectifier;—C. C. Hein; As- 
signee: Westinghouse Electric Corp.; 
A rectifier assembly having four unit 
rectifiers mounted in pairs. 

2,462,681 Method of Forming Ger- 
manium Films;—V. J. Schaefer; As- 
signee: General Electric Company; 
The reducing portion of a low veloc- 
ity gas flame is brought into contact 
first with a mass of germanium oxide 
and then into contact with the sur- 
face to be coated. 


March 1, 1949 


2,462,899 Method and Apparatus for 
Coating Dry Rectifier Elements;— 
W. E. Riecken; Assignee: Federal 
Telephone and Radio Corp.; An im- 
proved method for protecting a given 
area of each of a series of rectifier 
disks during a coating operation. 

2,462,906 Manufacture of Metal Con- 


tact Rectifiers;—E. P. Sauerborr 
Assignee: Federal Telephone am 
Radio Corp.; In a mold a layer ¢ 
vitreous selenium is placed upon 
layer of powdered tin and cadmiu 
Pressure causes the formation of 
rectifier element. 

2,462,911 Rectifier;—M. F. Skinke 
Assignee: Federal Telephone an 
Radio Corp.; A rectifier stack. 
2,462,917 Method of Manufacturin: 
Rectifier Elements;—M. J. Statemar 
Assignee: Federal Telephone an 
Radio Corp.; Before applying thi 
counter-electrode the i 
coated base-plate is 
cathode during the electrolysis of 
alkaline aqueous electrolyte. 
2,462,949 Method of Treating Sele 
nium;—F. de Boer; Assignee: Hart’ 
ford National Bank and Trust Com: 
pany; Selenium for a blocking laye: 
rectifier is prepared by heating ¢ 
mixture of zirconium tetrachlorid« 
and selenium dichloride. 


March 8, 1949 


2,464,006 Method of Reducing Leak- 
age Current in Selenium Rectifiers: 
—N. W. Addink, C. L. Boucher, C. de 
Lange, J. Kramer; Assignee: Hart- 
ford National Bank and Trust Com-= 
pany; A process for conditioning a 
selenium rectifier. 


March 22, 1949 


2,464,807 Hall Effect Converter;—A. 
Hansen Jr.; Assignee: General Elec- 
tric Company; A Hall Effect con- 
verter comprising a Hall plate, as- 
sociated input and output circuits, 
and a means for producing a sub- 
stantially constant alternating flux 
field. 


March 29, 1949 


2,465,768 Blocking-Layer Cell;—W. 
Christiaan, J. J. Van Amstel; As- 
signee: Hartford National Bank and 
Trust Company; A low voltage 
blocking layer cell for rectifying al- 
ternating current. 


April 26, 1949 


2,468,051 Rectifier;—C. A. Escoffery; 
Assignee: Federal Telephone and 
Radio Corp.; A unitary rectifier as- 
semkyy comprising a plurality of rod- 
shaped rectifier elements. ‘ 
2,468,131 Method of Manufacturing 
Rectifier Elements;—M. J. State- 
man; Assignee: Federal Telephone 
and Radio Corp.; A method for plac- 
ing a rectifying layer on a base ele- 
ment having a cadmium surface. 

2,468,527 Blocking-Layer Cell;—W. 
C. Christiaan, L. Esseling; Assignee: 
Hartford National Bank and Trust 
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‘ompany; The method involves the 
recipitation of an ionically disin- 
agrated element from the group 
onsisting of selenium and sulfur. 


fay 3, 1949 


468,845 Alternating Electric Cur- 
ent Rectifier;—L. E. Thompson; 
issignee: The Union Switch and 
ignal Company; A rectifier unit 
ompletely embedded in a plastic 
aaterial. 


fay 10, 1949 


469,393 Rectifier;—I. Levin; As- 
ignee: None; A method of making 
n iron oxide-magnesium rectifier 
nit. 

469,418 Producing Silicon;—M. M. 
triplin; Assignee: Tennessee Valley 
\uthority; A process for the produc- 
ion of elemental silicon in high 
yurity. 

469,569 Point Contact Negative Re- 
istance Devices;—R. S. Ohl; As- 
ignee: Bell Telephone Laboratories; 
\ method of producing negative re- 
istance elements comprised of plates 
f£ highly pure silicon. 


Miay 31, 1949 


471,898 Reclamation of Selenium 
Rectifier Celis;—D. W. Rau; As- 
ignee: Vickers Inc.; The method 
consists of dipping the cells in an 
lectrolyte of an organic amine, aging 
he dipped cells for from 12 to 48 
1ours, and reforming the cells. 


June 5, 1949 


4,472,378 Detection of High Fre- 
yuency Electric Oscillations;—J. L. 
uawson; Assignee: United States of 
America (Navy Dept.); Apparatus 
or the detection of radio signals in 
‘ooperation with a rectifier element 
which may be of the silicon crystal 
ype. 


June 14, 1949 


472,938 Point Contact Rectifier;— 
*, H. Brittain, C. E. Ransley; As- 
signee: General Electric Co., Ltd.; A 
method of manufacturing a point 
sontact rectifier comprising a semi- 
‘onducting crystal and a wire whose 
0inted end rests upon said crystal. 
473,419 Alternating Current Recti- 
jer;—A. C. Fletcher, D. Loyd; As- 
signee: None; A rectifier assembly 
‘onsisting of semiconducting plates 
wrranged to allow large passageways 
or air circulation. 


fuly 5, 1949 
2,474,809 Dry-Plate Rectifier Unit;— 


J. G. Abbott; Assignee: The United 
States of America; A selenium oxide 
rectifier unit comprising corrugated 
inner and outer shells, 


July 12, 1949 


2,475,810 Preparation of Silicon Ma- 
terial;—H. C. Theurer; Assignee: 
Bell Telephone Laboratories; The 
method involves the handling of hot 
fused silicon and the controlled cool- 
ing thereof. 

2,475,940 Crystal Contact;—F. H. 
Brittain; Assignee: The General 
Electric Co., Ltd.; In a semiconduct- 
ing device, a thin layer of solid poly- 
merized n-butyl methacrylate cov- 
ering the surface of the crystal 
around the end of the metal wire in 
order to prevent movement of the 
wire with respect to the point of con- 
tact. 

2,476,042 Selenium Rectifier and 
Method of Fabrication;—C. W. Hew- 
lett; Assignee: The General Electric 
Company; A selenium rectifier cell 
capable of rectifying alternating cur- 
rent in excess of 50 volts. 

2,476,066 Crystal Matrix;—N. Roch- 
ester; Assignee: Sylvania Electric 
Products Inc.; A _ rectifier matrix 
having 2N lines and n channels and 
for which germanium crystal recti- 
fiers are suitable. 


July 19, 1949 


2,476,800 Rectifier;—W. E. Black- 
burn; Assignee: Westinghouse Elec- 
tric Corp.; A method of forming of a 
barrier layer on the selenium sur- 
face. 


July 26, 1949 


2,476,989 Selenium Rectifiers and 
Method of Manufacturing the Same; 
—J. Martinet, M. Deshays; Assignee: 
International Standard Electric 
Corp.; A method that treats the rec- 
tifier with selenium anhydride and 
then with an acrylic aldehyde, RCHO 
where R belongs to the group con- 
sisting of hydrogen and a lower alkyl 
radical. 


August 9, 1949 


2,478,749 Combination of a Blocking 
Layer Rectifier Plate Having a Cool- 
ing Plate Pressed on It;—C. De- 
Lange, D. M. Duinker; Cooling plate 
is in intimate thermal contact with 
the rectifying plate. 


August 16, 1949 


2,479,301 Selenium Rectifier;—W. E. 
Blackburn; Assignee: Westinghouse 
Electric Corp.; A selenium surface is 
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produced and immersed in a water 
solution of .001 normal concentration 
of thallous hydroxide. 

2,479,446 Method of Manufacturing 
Small Current Selenium Rectifiers; 
—E. D. Wilson; Assignee: Westing- 
house Electric Corp.; The method in- 
volves the production of counter- 
electrode sheets of large area, the 
covering of these sheets with stiff 
paper, and the subdivision of the 
sheets into small rectifiers. 


August 30, 1949 


2,480,124 Manufacture of Selenium 
Elements Such as Rectifiers;—D. L. 
Driver; Assignee: Standard Tele- 
phones and Cables Limited (A Brit- 
ish Company); The localized solid 
electrically insulative mass is placed 
upon the selenium layer prior to the 
hotpressing during the production of 
a stratified selenium cell. 


September 13, 1949 


2,481,739 Rectifiers;—M. Goodman; 
Assignee: Radio Receptor Company, 
Inc.; The method involves the sur- 
face treatment of crystalline sele- 
nium layer with a stable solution of 
a non-interacting oxidizing and re- 
ducing agent. 


September 27, 1949 


2,482,777 Rectifier;—A. E. Howe; 
Assignee: Federal Telephone and 
Radio Corp.; A rectifier comprising a 
metal plate on which is placed a 
semiconducting layer. 

2,482,817 Rectifier; —D. Vitrogan; As- 
signee: Federal Telephone and Ra- 
dio Corp.; A dry selenium rectifier 
stack. 


October 11, 1949 


2,484,204 Selenium Rectifier;—W. E. 
Blackburn; Assignee: Westinghouse 
Electric Corp.; A d-c back voltage is 
applied to the oil immersed rectifier. 


October 18, 1949 


2,485,069 Translating Material of 
Silicon Base;—J. H. Scaff, H. C: 
Theurer; Assignee: Bell Telephone 
Laboratories; The method of making 
a translating device comprises cast- 
ing an ingot of high purity silicon 
and adding a definite percentage of 
boron in order to control the electri- 
cal resistance. 

2,485,402 Electric Rectifier and 
Method of Production;—W.  H. 
Meiklejohn; Assignee: General Elec- 
tric Company; The method of at- 
taching an electric terminal to a cop- 
per oxide rectifier. 

[Continued on page 56] 
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EXPEDITE A FAST-MOVING INDUSTRY 


facturing plant design are typified by the new 

Texas Instrument Semiconductor-Components 
plant, officially opened on June 24, 1958. This is the 
first of a number of buildings to be erected on a 300- 
acre site. The next building to follow will be the 
Central Research Laboratory which will occupy 
73,000 square feet. 

To meet the requirements of built-in operational 
flexibility needed to keep pace with constantly chang- 
ing processes and shifting process locales typical of 
an ever-expanding plant, two simple concepts were 
embodied in the overall planning and design. One is 
a 9-foot space frame between the two floors, and the 
other a roof of umbrella-shaped hyperbolic parabo- 
loids in thin-shell concrete. The space frame, of pre- 
cast, prestressed V-struts and yokes between floor 
slabs, encloses the many utility pipes necessary to 
manufacturing. From here conduits for various elec- 
trical, gas, water, air, vacuum, and waste facilities ex- 
tend up to the manufacturing areas and down into 
the engineering laboratories in a regular pattern of 


Mice: and forward looking concepts in manu- 
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outlets which can be tapped to serve any arrange- 
ment of equipment. 

The first floor houses administrative and engineer- 
ing offices and laboratories. On this floor also are lo- 
cated centralized lounges, library, conference rooms, 
rest rooms, and a 400-seat cafeteria. The top floor con- 
tains the manufacturing department and extends over 
almost 150,000 sq. ft. With the exception of those sur- 
rounding the central gardens, it is almost entirely 
free of dividing walls. The 4-ft. hollow-square col- 
umns, at 63 ft. intervals, in addition to supporting the 
concrete roof, also enclose the sprinkler system risers, 
drainage and vent pipes, and the air conditioning dif- 
fusing system. 

Sixty thousand sq. ft. of the manufacturing floor 
are devoted to a “Snow-White” area in which are per- 
formed the most critical of the manufacturing and 
assembly processes. It is sealed from the remainder 
of the second floor area and the rest of the building 
by glass and masonry walls. A group of combination 
air locks and locker rooms is located at various entry 
points to the “Snow-White” area. All personnel enter- 
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is ultra-pure area must pass through a negative 
ure air lock and don special lint-free smocks and 


t equal in controlled purity to that of a hospital 
gical ward is maintained at all times. In this area, 

ere such precise operations in device assembly are 
rformed as that of bonding a wire finer than a 
man hair, less than one-thousandth of an inch 
k, running through a bar of silicon the size of a 
ter flint, the air is kept at a constant 20 percent 
tive humidity and the temperature at 75 degrees 
2 enheit. Three air filtration methods are used to 


manufacturing area. Engineers determined the 
gle of light and number of fixtures required through 
of a full-scale 4,000 sq. ft. mock-up of one unit 
y. Lighting for the office and engineering areas is 


unique IBM remote-control system monitors all 
lighting in the building. All lights except the 
fety night light are switched off and on automati- 
ally at predetermined times by this control system. 


e entire building was designed so that no objec- 
able sunlight glare, or heat, can enter the work- 
areas. In the non-“Snow-White” areas tempera- 
ures throughout are maintained at a constant 78 
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ADMINISTRATION 
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MECHANIZATION 
MACHINE SHOP 


CAPACITOR 
ANODI- 


degrees, even when they rise to 100 degrees or more 
outside. Humidity is maintained at 50%. 

The mechanical equipment room extends over two 
levels, the lower or ground floor level having an area 
of about 9,000 sq. ft. and the upper level approxi- 
mately 5,000 sq. ft. The lower area contains the re- 
frigeration equipment for the air conditioning system, 
the main steam boiler, air compressor, the deionized 
water equipment, and electrostatic air filtering equip- 
ment. 

At the second level of the mechanical equipment 
space, which is 12 ft above ground level, is a mez- 
zanine area which includes plant engineering offices, 
work shops, rest rooms for maintenance personnel, 
and the unit sub-stations required for supplying 
power to the units located in the mechanical equip- 
ment room. 

Two employee parking lots adjacent to the building 
have a capacity of 2,500 cars. A third, for visitors, 
holds 80 cars and is located near the front entrance. 

Expressing the philosophy behind the construction 
of this new project, TI President Patrick E. Hagerty 
has said: 

“You can’t just construct buildings to work in. They 
must be designed for their purpose, for people and 
machines. They must be good art as well, must ex- 
press the company, its people and the society of which 
they are a part. It is our sincere desire that this first 
building and the entire development be a source of 
pride to the community and to our people.” 
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LEARN SEMICONDUCTOR 


ELECTRONICS AT HOME 


RADAR AND 
COMPUTER COURSES 
ALSO AVAILABLE 


Basic Radar 
“Principles of Radar Circuits 
and Equipment.”’ 


Advanced Radar 
“Radar Systems Principles and 
Practices.” 


Basic Analog Computers 
“Introductory Course.” 


Advanced Analog Computers 
“Analog Computer Systems.” 


Automatic Digital Computers 
“Basic Theory to Complete 
Systems.” 


a 
i 


_ 


NAME 


Mail Coupon Today for 
Detailed [nformation of Course 


Level and Materials / 
(NO OBLIGATION) 


LEARN BY 
DOING WITH 
THIS COMPLETE 
TRAINING 
KIT 


Get practical experience, learn faster 
and easier. Conduct 18 experiments 
with this complete training kit which 
is included with the course. Build 
Amplifiers, Oscillators, Multivibra- 
tors, Pulse Circuits, AM Receivers, as 
well as Computer Circuits such as 
“And”, “Ors and Carty. 


SEMICONDUCTOR ELECTRONICS 
IS GROWING RAPIDLY... 
KNOWLEDGE IN THIS FIELD 

IS VALUABLE TO YOU! 


THE PHILCO TECHNOLOGICAL CENTER 
22nd and Lehigh Ave., Philadelphia 32, Pa. 


TC-18 


Please send detailed course information on the courses which | have checked below. 
SEMICONDUCTORS— "Transistor Principles and Practices” 

J BASIC RADAR—"Principles of Radar Circuits and Equipment” 

|} ADVANCED RADAR—'"Radar Systems Principles and Practices” 

BASIC ANALOG COMPUTERS—"Introduction to Analog Computers” 
ADVANCED ANALOG COMPUTERS—"Analog Computer Systems” 
AUTOMATIC DIGITAL COMPUTERS—"Basic Theory to Complete Systems” 


ee eee 


COMPANY 
ADDRESS_. 


Ch ee eee a ete MRC TATE 
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oo ____POSITION 


ee 


For further information circle No. 16 on Reader Service Card 


GAIN VALUABLE, COMPREHENSIVE 
KNOWLEDGE FROM BASIC THEORY 
THROUGH ALL IMPORTANT APPLI- 
CATIONS WITH THE MOST COMPLETE 
AND AUTHORITATIVE CORRESPOND- 
ENCE COURSE ON TRANSISTORS 
EVER OFFERED. 


Learn Theory, Construction and all im- 
portant applications of all major types of 
transistors—Junction, Point Contact, Surface 
Barrier and many related types—with this 
advanced correspondence course specially 
developed for engineers and experienced 
technicians now engaged in Design, Instal- 
lation, Maintenance and Manufacture of 
electronics equipment and systems, 


SPECIALLY DEVELOPED AND PRE- 
PARED BY THE PHILCO TECHNO- 
LOGICAL CENTER FOR PRACTICAL 
WORKING KNOWLEDGE. 


Acquire a thorough and practical working 
knowledge of semiconductors from this 
course specially developed for industrial and 
field engineering applications by the Philco 
Technological Center, a department of the 
Philco TechRep Division which has trained 
many thousands of electronics specialists 
for armed forces, government and industry 
all over the world... and knows not only 
the field itself, but knows from working ex- 
perience what type of training is best for you. 


AUTHORITATIVE TEXTBOOK PLUS 
HUNDREDS OF PAGES OF MATERIALS 
NEVER BEFORE OFFERED. 


Learn easily from authoritative subject mat- 
ter, . . presented in a practical, easy-to- 
understand manner . . . profusely illustrated 
with pictures, graphs and drawings. 


PHILCO 


TECHNOLOGICAL 


CENTER 


22nd and Lehigh Ave. 
AMX Philadelphia 32, Pa. 
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hipboard Electric Systems 
ower Factor of Rectifiers 


Aeasurement of Sheet Resis- 
with the Four-Point 


Valuation of the Surface Con- 
entration of Diffused Layers 
n Silicon 


agnetoresistance and Field 
ependence of the Hall Effect 
_ Indium Antimonide 


[he Sommerfield Model and 
he Heat of Solution of an 
Alloy 


\ Stabilized D-C Differential 
[ransistor Amplifier 


fhe Growing Thermistor 
field 


Quick Design of Thermistor 
Sompensation Networks 


Thermistor Data Chart 


Microwave Applications 
yf Thermistors, Part I 


Design Data for Ultra Low 
femperature Thermistors 


specifying Military 
[hermistors 


[hermistor Bridges 


Dverlap Method Makes Fast 
-ulses in Transistor Circuits 


Jsing Transistors in Demodu- 
ator Circuits 


Jigh Frequency Parameters of 
[ransistors and Valves 


unction Transistor Sawtooth 
Naveform Generators 


\ New Bistable Element Suit- 
ible for Use in Digital Com- 
uters (Part I) 


\ Conductivity Storage Trans- 
stor Pulse Width Modulator 


. 1-KC Junction Transistor 
-Parameter Measurement Set 


Sontrolled Saturation in Trans- 
stors and its Application in 
rigger Circuit Design (Part 1) 


‘ransistor Circuits for Use 
Vith Gas-Filled Multi-Cathode 
‘ounter Valves 


PUBLICATION 


Applications and Industry 
(AIEE) May 1958 


Applications and Industry 
(AIEE) May 1958 


Bell System Technical 
Journal May 1958 


Bell System Technical 
Journal May 1958 


Canadian Journal of 
Physics May 1958 


Canadian Journal of 
Physics May 1958 


Communications and 
Electronics (AIEE) 
May 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
April 30, 1958 


Electronic Design 
5/28/58 


Electronic Design 
5/28/58 


Electronic Engineering 
(British) Jan 1958 


Electronic Engineering 
(British) Feb 1958 


Electronic Engineering 
(British) Feb 1958 


Electronic Engineering 
(British) Feb 1958 


Electronic Engineering 
(British) Feb 1958 


Electronic Engineering 
(British) March 1958 


Electronic Engineering 
(British) March 1958 


CONDENSED SUMMARY 


Metallic rectifiers—comparison of characteristics; 
rectifier applications; comparison with motor- 
generator sets; installation. 


Discussion of rectifier power factor and methods 
for determining its value. 


Correction factors evaluated for the measurement 
of sheet resistivities on two-dimensional rectangu- 
lar and circular samples with the four-point probe. 


A method for determining the surface concentra- 
tion of diffused impurity layers in semiconductors 
is described. 


Magnetoresistance and Hall-effect measurements 
in InSb are described. 


A method is used to calculate the heat of soiution 
of monovalent-monovalent and monovalent-poly- 
valent alloy systems. 


Temperature variations of transistor parameters, 
compensating circuits, the differential amplifier de- 
sign, and experimental results. 


An analysis of applications of the three major 
branches: temperature compensation, temperature 
measurement and control, and time delay and 
inrush surge suppression. 


Development of a three-step solution to network 
problems using normalized curves and nomograms. 


Representative groups of. thermistors listed in 
numerical order with their characteristics. 


Discussion of thermistor characteristics, and 


mounts, broadband and coaxial. 


Discussion of new types of thermistors developed 
for applications at low temperatures with perti- 
nent data. 


A general specification for procurement of ther- 
mistors prepared by RCA for military airborne 
equipment. 


Three thermistor bridges with relatively large out- 
puts are compared with those of several types of 
thermocouples. 


Overlapping a pulse can provide very high pulse 
repetition rates with very steep rise and fall times. 


Discussion of half-wave and full-wave phase dis- 
criminators using transistors and diodes. 


High frequency equivalent circuits for thermi- 
onic valves are developed analogous to junction 
transistor configurations. 


Bootstrap and Miller integrator equivalent circuit 
using junction transistors are discussed. High 
current swings using low power transistors can 
be obtained. 


Development of a trigger circuit using p-n-p and 
n-p-n types of transistors with fast switch-on and 
switch-off times, and high current handling capa- 
bilities. 

Prolonged conduction ascribed to hole storage 
is controlled in a circuit to provide a simple 
means of pulse width modulation. 


A description of the set is given together with 
the experimental procedure. 
Study of carrier storage in both saturated and 


non-saturated transistors. Controlled saturation 
defined. 


Description of technique which enables complex 
digital circuits to operate from low-voltage power 


supply. 
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SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


TITLE 


A New Bistable Element Suit- 
able for Use in Digital Com- 
puters (Part 2) 


The Design of Function Gen- 


erators Using Silicon Carbide 
Non-Linear Resistors 


A Transistor Operated Self- 
Balancing Radiation Pyrometer 


A 1 KC Transistor High-Gain 
Tuned Amplifier 


Controlled Saturation in Trans- 
istors and its Application in 
Trigger Circuit Design (Part 2) 


Applications of Unijunction 
Transistor Relaxation Oscil- 
lators 


Ring-Modulator Reads Low- 
Level D-C. 


Designing Multiple Feedback 
Loops 


A Voltage Variable Capacitor 
(Part I) 


Power Transistor Test Set 


Ceramic I-F Filters 
Match Transistors 


Transistor Unit Detects 
Foetal Heart Sound 


Transistor H-F Cutoff 
Nomograph 


Transistor Q-Multiplier 
for Audio Frequencies 


Radio Waves Power Transistor 
Circuits 


Transistor A-C Amplifier Uses 
Multiple Feedback 


Transistor Chopper Drives Ac- 
curate Clock 


Temperature Limits, Ratings 
and Natural Cooling Proce- 
dures for Avionic Equipment 
and Parts 


Development of the 12 Volt 
Plate-Voltage Hybrid Automo- 
bile Radio Receivers—AM, 
Signal Seeker & FM 


Some Reasons for Nonsatura- 
tion of Reverse Current in 
Junction Diodes 


Microalloy Transistor 
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PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Electronic Engineering 
(British) March 1958 


Electronic Engineering 
(British) March 1958 


Electronic Engineering 
(British) April 1958 


Electronic Engineering 
(British) April 1958 


Electronic Engineering 
(British) April 1958 


Electronic Equipment 
Engineering May ’°58 


Electronic Industries 
April 1958 


Electronic Industries 
April 1958 


Electronic Industries 
May 1958 


Electronic Industries 
May 1958 


Electronics 
April 25, 1958 


Electronics 
April 25, 1958 


Electronics 
5/9/58 


Electronics 
5/9/58 


Electronics 
5/9/58 


Electronics 
5/23/58 


Electronics 
5/23/58 


IRE Transactions 
on Aeronautical & 


Navigational Electronics 


March 1958 


IRE Transactions on 
Broadcast and TV 
Receivers 

March 1958 


IRE Transactions on 
Electron Devices 
April 1958 


IRE Transactions on 
Electron Devices 
April 1958 


Analysis of switching-off case. Speed, output wave- 
form of switching-off. Practical circuit discussed. 


The design of square law and sine units having 
a high accuracy is described in detail. 


Description of a radiation pyrometer capable of 
measuring surface temperatures from a distance. 


Design of amplifier for use as bridge detector and 
general-purpose use with provision for transistor 
noise figure measurements. 


Description of a complementary pair trigger cir- 
cuit employing controlled saturation. 


Applications of unijunction transistor relaxation 
oscillators with various circuit configurations and 
problems involved in their design. 


By using high quality silicon diodes in a ring 
modulator circuit, d-c signals as low as 10°° amp 
can be measured. 


Calculation of stability margins of multiple loop 
structures directly applicable to circuits which 
employ junction transistors in the common base 
configuration. 


Design characteristics discussed. Includes theory, 
depletion region, sensitivity resistance, Q, and ap- 
plications. 


Description of equipment capable of measuring cur- 
rent gain from 0-200, for collector currents as high 
as 2.5 amp. 

Barium titanate resonant filters are used as i-f 
transformers; provide performance advantages 
and compatibility with transistors as interstage 
coupling devices. 


Signal from foetal heart modulates transistor 
oscillator. F-M technique overcomes poor low 
frequency response of human ear and loud- 
speakers. 


When either alpha cutoff frequency f.2 or maximum 
oscillation frequency fmax are specified, chart per- 
mits conversion from one to the other. 


Highly selective and stable audio frequency equip- 
ment becomes portable with a transistorized Q- 
multiplier circuit. 


A system is discussed which derives all power re- 
quired to operate various transistor circuits from 
electromagnetic energy radiated by distant sources. 


Use of a multiple feedback loop in a single stage 
produces a reliable and versatile transistor a-c am- 
plifier. 


Transistorized control circuit feeds a voltage chop- 
per which divides the driving frequency. The output 
drives a synchronous clock motor. 


Thermal ratings and modes of heat flow in elec- 
tronic parts. Semiconductors are discussed. 


Electrical design of prototype engineering model. 


Consideration of effects of reverse bias. Examples 
chosen to be as closely related to practical devices 
as possible are given. 


Article reviews microalloying process in_ its 
application to both homogeneous and_ graded- 
base transistors, and analyzes mathematically the 
microalloy emitter region. 


C. D. Florida 


E. Brown 
P. M. Walker 


D. W. Birnstingl - 


R. A. Hall 
N. F. Moody 
T. P. Sylvan 
E. J. Keonjian 


J. D. Schmidt 


F. H. Blecher 


G. F. Straube 


W. Hasenberg 


D. Elders 
E. Gikow 


T. I. Humphreys 


Hace 
Schwauwecker 


G. B. Miller 
L. R. Crump 
H. Lefkowitz 


R. H. Williams 


J. P. Welch 
CACaHsu 


H. L. Armstrong 


A. D. Rittmann— 
E. Zimmerman 
G. C. Messenger 
R. A. Williams 
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_ SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


TITLE 


PUBLICATION 


CONDENSED SUMMARY 


Application of Magnetic Ampli- 
fiers in Industrial Instrumenta- 
and Control 


Pulse-Width Control of 
: Transistors 


‘An Electronic Approach to 
Sortation Control 


Data Handling for a Reliability 
Test Program 


A Transistorized Digital-to- 
Analog Converter 


Thermal Restoration of Oxy- 
genated Germanium Surfaces 


Characteristics of Junctions in 
Germanium 


The Indium-Selenium System 


Heat Capacity of Copper- 
Germanium Alloys Below 
a2 K 


Breakdown in Silicon 


Birefringence Caused by Edge 
Dislocations in Silicon 


Temperature Dependence of In- 
ternal Friction in Germanium 


Magnetoresistance Oscillations 
in Single-Crystal and Polycrys- 
talline Indium Arsenide 


Oscillatory Galvano-magnetic 
Effects in N-Type Indium 
Arsenide 


Transistor Cutoff Frequency 
Measurement (Correspondence) 


A Gallium Arsenide Micro- 
wave Diode 


A Transistorized 150-MC FM 
Receiver 


Germanium N.P.I.N. Junction 
Transistor Triodes (Corre- 
spondence) 

A Solid State Amplifying 
Fluorescent Screen 


IRE Transactions 
on Industrial Electronics 
April 1958 


IRE Transactions on 
Industrial Electronics 
May 1958 


IRE Transactions on 
Industrial Electronics 
May 1958 


IRE Transactions on 
Instrumentation 
March 1958 


IRE Transactions on 
Instrumentation 
March 1958 


Journal of 
Applied Physics 
May 1958 


Journal of 
Applied Physics 
May 1958 


Journal of 
Applied Physics 
(British) March 1958 


Physical Review 
May 1, 1958 


Physical Review 
May 1, 1958 


Physical Review 
May 1, 1958 


Physical Review 
May 15, 1958 


Physical Review 
May 15, 1958 


Physical Review 
May 15, 1958 


Proceedings of the I.R.E. 


April 1958 


Proceedings of the I.R.E. 


April 1958 


Proceedings of the I.R.E. 


April 1958 


Proceedings of the I.R.E. 


April 1958 


RCA Review 
March 1958 


Review of development of the magnetic amplifier 
art includes semiconductor devices in circuitry. 


Combination of pulse width modulation generation 
and output circuits yields a unique d-c amplifier. 


Control system for sorting has been developed 
around computer techniques using semiconductor 
circuit elements. 


Data handling in a large-scale life test program on 
each of 30,000 resistors, five parameters on each of 
20,000 diodes, and nine parameters on each of 
9,000 transistors. 


Description of a digitalized automatic control sys- 
tem which uses a transistorized converter. 


Cleaned germanium surfaces, oxygenated at room 
temperature, were heated under high vacuum and 
the restoration of the oxygen-adsorbing capacity of 
the surfaces was completely recovered. 


Infrared radiation has been used to obtain a direct 
measure of the added carrier concentrations imme- 
diately adjacent to a junction when a current was 
passing through it. 


Polycrystalline specimens of indium-selenium 
compounds were prepared by direct fusion. Elec- 
trical and physical measurements were made. 


Measurements made on a series of alloys in the 
primary phase of the copper-germanium system. 


Voltage-current, light multiplication, and small- 
signal a-c impedance characteristics of reverse- 
biased silicon p-n junctions are studied in the break- 
down region. 


Calculation of intensity distribution in beam of 
plane polarized or circularly polarized infrared 
light through a crystal of silicon containing a 
single-edge dislocation. 


The internal friction of germanium has been meas- 
ured as a function of temperature at 100 KC. 


Measurement of the electrical resistivity of single- 
crystal and polycrystalline samples of n-type InAs 
have been made to 29,000 Gauss at temperature 
between 1.25°K and 20.2°K. 


The Hall coefficient and resistivity of n-type InAs 
measured as a function of magnetic field strength 
reveal de Haas-van Alphen type oscillations. 


Discussion of advantages that may be gained by 
feeding the signal to the base in the measurement 
of alpha cutoff frequency. 


Device feasability evaluation indicates that gal- 
lium arsenide is potentially superior to germanium 
and silicon in point contact diodes. 


A completely transistorized experimental 150 mec 
FM receiver using diffused base transistors is de- 
scribed. 


Feasible device techniques are available for the 
fabrication of n-p-n diffused base devices. 


A thin solid-state panel has been developed which, 
with x-ray intensities, produces a high contrast 
image. 
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CHARACTERISTICS CHART 
of NEW TRANSISTORS 


MANUFACTURERS 


Advanced Research Associates, Inc. 
Amperex Electronic Corp. 

Bendix Aviation Corp. 

Bogue Electric Mfg. Co. 

British Thomson-Houston Export Co., Ltd. 
CBS-Hytron 

Clevite Transistor Products, Inc. 

Delco Radio Div., General Motors Corp. 
English Electric Valve Co., Ltd. 


- Edison Swan Electric Co., Ltd. 


French Thomson-Houston Semiconductor Dept. 
General Electric Co., Ltd. 

General Electric Co. 

Great Eastern Mfg. Co. 

General Transistor Corp. 

Hughes Aircraft Co. 

Hivac Ltd. 

Industro Transistor Corp. 

Laboratoire Central de Telecommunications 
Minneapolis-Honeywell Regulator Co. 


(in Order of Code Letters) 


MOT— Motorola, Inc. 

MUL— Mullard Ltd. 

NPC— Nucleonics Products Co. 

PHI— _Philco Corp., Lansdale Tube Co. 
PYEB— Pye Industrial Electronics, Ltd. 


RAY— Raytheon Mfg. Co. 

RCA— Radio Corp. of America, Semiconductor Div. 
SIE— Siemens & Halske Aktiengesellschaft 

SPE— Sperry Gyroscope Co. 

SPR— _ Sprague Electric Co. 

SYL— Sylvania Electric Products Inc. 


STCB— Standard Telephone & Cables, Ltd. 

TKAD— Suddeutsche Telefon-Apparate-, Kabel und Drah 
werke 

TRA— Transitron Electronic Corp. 

TFKG— Telefunken Ltd. 


TI— Texas Instruments 

TUN— Tung-Sol Electric, Inc. 
TOK— Tokyo Tsushin Kogyo, Ltd. 
WEC— Western Electric Co., Inc. 


WEST— Westinghouse Electric Corp. 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C 


DERAT- 


Ves Vee 


Typical Characteristics 


MER. 
See code } 

atend } 
of chart J 


PARAMETER 
d 


an 
(condition) 


2N194A 6 NPN Ge 50 1000 — 20 3.0 hyelle-1ma) = SY¥E 
2N235B 3 PNP Ge — 2.2 40 — == hfelle-.5A) 60 BEN 
2N236B 3 PNP Ge = 2.0 40 = == hyelle-.75A) 60 BEN 
2N301 (P) 3 PNP(A) Ge 11W 1.0 40 40 = hr pll.-1A) 70 RCA, SYL 
2N301A (P) 3 PNP(A) Ge 11W 1.0 60 60 == hp plle-1A) 70 RCA, SYL 
2N306 (P) 1 NPN Ge 50 1000 20 15 1:2 hyelle-1ma) 75 SYL 
2N373 4 PNP(D) Ge 80 750 25 — 30 hyelle-1ma) 60 RCA 
2N374 4 PNP(D) Ge 80 750 25 = 30 hye(le-1ma) 60 RCA 
2N378 (P) 3 PNP(A) Ge = Ted 40 a = hp plle-2A) 30 TUN 
2N379 (P) 3 PNP(A) Ge = 12 80 es aa hrpll-2A) 30 TUN 
2N380 (P) 3 PNP(A) Ge — 1.2 60 = — hrpll.-2A) 50 TUN 
2N420A 3 PNP Ge a Dee 70 — — hr plle-4A) 50 BEN 
2N459 (P) 3 PNP(A) Ge == 1.2 105 == = hp pll.-2A) 30 TUN 
2N506 1 PNP Ge 50 1200 40 = 1.2 hp pll.-10ma) 37.0 SYL 
2N507 1 NPN Ge 50 1200 40 = 1.2 hpralle-10ma) 37.5 SYL 
2N515 1,4. NPN Ge 50 1000 = 18 3.0 I-F PG @ 455kc 25 SYL 
2N516 1,4 NPN Ge 50 1000 = 18 3.0 I-F PG @ 455kc 27, Shab 
2N517 1,4 NPN Ge 50 1000 = 18 3.0 I-F PG @ 455kc 28.5 SYL 
2N553 A Ge 35W 2.0 80 40 F ve-30ke hpplle-.5A) 55 DEL 
2N576A 5 NPN Ge 200 375 40 20 5.0 hprpll--400ma) 30 SYL 
NOTATIONS Under Type and Type No. Under fab 
Under Use A—Alloyed * Maximum Frequency 


1—Low power a-f equal to or less than 50 mw 


2—Medium power a-f > 50 mw and equal to or less than 500 mw 


3—Power > 500 mw 
4—--f/i-f 
5—Switching & Computer 
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D—Diffused or Drift 7 Figure oF ere 
rown 
eee een 
-—Microallo — i 
other y jae TON a 
P—Previously released with new specs 8—IcBo (VcB—=—20) 
=—25 pA 


Other 


S—Surface Barrier _ 
UNI—Unijunction Transistor Ri 


Y—Symmetrical 9—Rise time —2 psec 


10—Rise time —3.5 usec 
11—Rise time —6.5 usec 
12—Frequency for fab=1 
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(1.0 peak) 
0.75 
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Announcing Philco’s newest family of PNP germanium 
alloy junction, high current switching transistors specifi- 
cally designed for industrial relay driving and pulse 
amplifier applications and for computer core driver 
circuits. These transistors feature current ratings to 
2 amps, voltage ratings to 40v and alpha cutoff 
frequencies to 12 mc. 


« The 2N670 and 2N671 with 2 amps max. collector current, 
continuous max. power dissipation up to 1 watt, plus 
controlled current gain, input drive voltage and saturation 
resistance at 1 amp are particularly useful in ““ON-OFF” 
industrial control systems. 


e Types 2N672 and 2N673 featuring a maximum 0.5 micro- 
second, one-half ampere rise time are intended for pulse 
amplifier and tape and drum writer applications. 


« The 2NG600 and the 2NG01 are high speed power switches 
specially designed for core driving applications. They feature 
power dissipation up to 1 watt, current ratings of 400 ma 
and controlled minimum alpha cutoff frequencies of 5 and 
12 mcs. 


Each of these transistors is housed in Philco’s exclusive 
cold welded, all-copper, hermetically sealed package on 
JETEC TO-9 base. Positive heat sinking is obtained by 
tieing a transistor element to the copper case. Types 
2N671, 2N673, 2NG600 and 2NG601 are designed with 
threaded stud and hexagonal shoulder eae si All of 
these transistors are available in production quantities, 


For further information circle No. 17 on Reader Service Card 


Make Philco your prime source for all transistor information and prices. Write Dept. SC-958 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C Typical Characteristics 


Pe DERAT- Vee Vee fp 
ING 

(mw) (mc) 
°C/W 


MER. 
TYPE See code } 
NO . at end j 
PARAMETER of chart 


and 
(condition) 


2N586 Popots} PNP(A) Ge 250 = 45 — = hycle-250ma) 60 RCA 
2N591 1 PNP(A) Ge 50 340 — 32 70 hye(le-2ma) 70 RCA 
2N614 2 PNP Ge 150 400 25 — 3.0 PG 30 WEST 
2N615 2 PNP Ge 150 400 25 == 5.0 PG 35 WEST 
2N616 2 PNP Ge 150 400 725) — 9.0 PG 25 WEST 
2N617 2 PNP Ge 150 400 Ps) ws 9.0 PG 30 WEST 
2N624 2 PNP Ge 100 750 30 20 ae PG @ 12.5mc 25 SYL 
2N625 > NPN Ge 500 130 40 30 ty = O.4ysec hp xll,-500ma) 30 SYL 
2N626 325 NPN Ge-Si 10W 6.5°C., ‘WwW 30 30 al @1l. =1A 24000 ARA 
2N631 — PNP(A) Ge 160 360 25 20 ifp74 hy Ale-1 Oma) 150 RAY 
2N632 = PNP(A) Ge 160 360 30 24 1.0 hyell-1 Oma) 100 RAY 
2N633 —= PNP(A) Ge 160 360 35 30 .80 hy clle-10ma) 60 RAY 
2N650 2 PNP(A) Ge 200 350 45 25 2.0 hyelle-1 ma) 40 MOT 
2N651 2 PNP(A) Ge 200 350 45 25 25) hy clc-1ma) 75 MOT 
2N652 2 PNP(A) Ge 200 350 45 7) 3.0 hyelle-1 ma) 160 MOT 
2N653 2 PNP(A) Ge 200 350 30 15 2.0 hyelle-1ma) 40 MOT 
2N654 2 PNP(A) Ge 200 350 30 15 745} hy Al--1ma) Te MOT 
2N655 2 PNP(A) Ge 200 350 30 15 3.0 hy elle- 1 ma) 160 MOT 
2N658 — PNP(A) Ge 170 350 25 16 5.0 hrpllp-1ma) 50 RAY 
2N659 — PNP(A) Ge 170 350 25 14 10 hp pllp-1ma) 70 RAY 
2N660 = PNP(A) Ge 170 350 25 11 15 hp azllp-1ma) 90 RAY 
2N661 = PNP(A) Ge 170 350 25 9 20 hrpllp-1ma) 120 RAY 
2N662 = PNP(A) Ge 170 350 25 at 8.0 hrx(lp-1ma) 60 RAY 
2N669 3 PNP(A) Ge A40W 1.0 40 30 4 hyelle-.5A) 100 MOT 
2N670 25S) A Ge 300 a 40 40 0.650 hyell.5V, 1A) 100 PHI 
2N671 SIMs) A Ge 1000 <= 40 40 0.650 hppzll.5V, 1A) 100 PHI 
2N672 PHA te) A Ge 300 == 25 PAS) 0.650 — — PHI 
2N676 3h PNP Ge-Si 10W 6.5 30 30 al hyello-1A) 24000 ARA 
2N677 a) PNP Ge = aS 30 a aa hr alle-10A) 40 BEN 
2N677A =) PNP Ge —_— 1.5 40 aad == hppll,-10A) 40 BEN 
2N677B S15 PNP Ge = 15 70 a aad hrall,-10A) 40 BEN 
2N677C 3,5 PNP Ge = 1E5 80 a a hppll--10A) 40 BEN 
2N678 See PNP Ge _ 15 30 — = hprpll,-10A) 7 BEN 
2N678A 35 PNP Ge — Ure) 40 == — hp all,-10A) 75 BEN 
2N67 8B 3,5 PNP Ge — V5 70 == = hypll.-10A) 75 BEN 
2N67 8C SF5 PNP Ge — as) 80 == = hppxll,-10A) 75 BEN 
2N679 5 NPN Ge 150 400 25 20 3.0 hrrll.-30ma) 30 SYL 
2N773 3,5 A Ge 1000 = 25 25 0.650 = — PHI 
2N1017 — PNP(A) Ge 170 350 30 10 20 hrpzllp-1ma) 100 ARA 
2N1019 (H) 3,5 PNN Ge-Si 10W 6.5 30 30 fae 8Bke a(I,-1A) (hook coll.) 15000 ARA 
2N1020 (H) 3,5 NPP Ge-Si 10W 6.5 30 30 f ve 8kc al,-1A) (hook coll.) 15000 ARA 
2N1024 Dis PNP Si 150 830 15 15 1.0 hyelle-1ma) 9 min. SPE 
2N1025 ee) PNP Si 150 830 Se) 35 1.0 hgell e-1ma) 14 SPE 
2N1026 2,5 PNP Si 150 830 35 35 2.0 hye(le-1ma) 36 SPE 
ant pee i 2 td e 50 830 15 15 4.0 hyelle-1 ma) 18 SPE 
i 50 830 10 10 1.8 hyelle-1ma) (4mc) 9 SPE 
NOTATIONS Under Type and Type No. Under fab 
* Meximum 

Under Use D—Dithtsed nates ee # Figure of Met oe 

Beinn power eres Sota cad eauek to or less than 500 mw H—Hook Collector omen 

3—Power > 500 mw M—Microalloy 6—Phototransistors 

4—r-Hi-f ome ie P 7—@ 70°C 

5—Switchina & Computer S—Surfaee Barriers with new specs pre (Vcp=— 20) 

YoSymmetrical” romsistor 1S—aise tine 3.6 oem 


11—Rise time —6.5 usec 
12—Frequency for fab=1 
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(From Frith Transistor Center, U.S.A. | 


“"ON" Switch 
Performance 


General Performance Max. Ratings 
Minimum 
Far Typical hee te Vee 


Vce = —lv,Ic = —100 ma 
35 


Vce = —1v,Ic = —100 ma 
90 


TEST CIRCUIT 


——— 


— 

TYPICAL DC BETA VS. COLLECTOR CURRENT PS a ee 
Type 2N599 

mmiinnece om | tit 


° 
-1.0 -2 -4 —-6 -—8-10 -20 -40 —60 -80-100 -200 — 400 
COLLECTOR CURRENT. Ic IN MILLIAMPERES 


See us at WESCON, Booths 710 and 711. 


High Dissipation: 250 mw at 25°C 
High Current: Max. ic = —400 ma 
High Temperature: 100°C Max. 
High Voltage: Max. Vcg = —30v 


High Frequencies: Min. f«p to 12 mc 


Announcing a new Philco family of PNP ger- 
manium alloy junction transistors (In TO-9 
[JETEC 30-type] housing). These transistors 
feature a unique, patented, cold-welded copper 
housing and internal construction that result in 
lower junction temperatures at normal operating 
power levels. Design of the 2N597, 2N598 and 
2N599 insures improved life and reliability at 
temperatures as high as 100°C. Available in pro- 
duction quantities. 


The high beta of these transistors at high cur- 
rents makes them particularly applicable to 
medium speed flip-flops, logic gates, drum writers 
and core-driver circuits. The 30v collector rating 
provides the high level logic swings required in 
many data processing equipments. At 200 ma of 
collector current typical rise time for the illustrated 
circuit is 0.05 msec. 


Make Philco your prime source for all transistor infor- 
mation and prices. Write Dept. SC-958 


circle No. 18 on Reader Service Card 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C Typical Characteristics 


MER. 
S ee mh F ace 
Code | {ge Peace Mi A ee 2y fen : PARAMETER {3 ea | 
| Below J} | Below J : 
(mw) (mc) and 
°C/W (condition) 


B113 3,5 PNP Ge _ 2.0 80 — — hr plle-.4A) 40 BEN 

B177 3,5 PNP Ge — 2.2 30 — — hyell-.5A) 150 BEN 

B178 3,5 PNP Ge _— 2.2 30 — — hyelle--5A) 40 BEN ; 

B179 3,5 PNP Ge — rr) 40 — = hyellc--5A) 25 BEN 

GA53213 2 PNP(A) Ge 120 500 30 30 1.4 hr axllpg-1ma) 24 WEC : 

H3A (P) 3 PNP(A) Ge 5000 14 60 60 — hrpllz-250 pa) 19 MIN ) 

H4A (P) 3 PNP(A) Ge 5000 14 60 60 — hrpllp-250 pa) 30 MIN 

H45 3 PNP(A) Ge 32W 22 80 80 .170 hrplle-2A) 20 MIN 

LT11 3 PNP Ge — 3.0 80 — 18 hr plle-.5A) 36 CBS 

LT12 3 PNP Ge = 3.0 100 — 18 hp pll:-.5A) 36 CBS 

LT13 3 PNP Ge — 3.0 120 — .18 hr plle-.5A) 36 CBS 

LT14 3 PNP Ge — 3.0 150 —= 18 hr plle-.5A) 36 CBS 

LT51 3 PNP Ge = 3.0 60 — — hrp 30 CBS 

TK20A (Y) 2 PNP(A) Ge 100 250 30 a 6.3 hell e-1ma) 43 STCB 

TK21A (Y) 2 PNP(A) Ge 100 250 30 — 2.0 hyelle-20ma) 23 STCB 

TK24A (Y) 2 PNP(A) Ge 100 250 30 — 2.5 hyelle-40ma) 32 STCB 

TK25A (Y) 2 PNP(A) Ge 100 250 20 — 10 hyAl--1ma) 63 STCB 

TK26A (Y) 2 PNP(A) Ge 100 250 30 = 2.0 hy clle-20ma) 23 STCB 

TK27A (Y) 2 PNP(A) Ge 100 250 30 _ 2.5 hyelle-40ma) 32 STCB 

TR34 2 PNP(A) Ge 150 — — 20 a hyell--1 ma) 15 IND 

R721 2 PNP(A) Ge 150 = — 20 _ hyell--1ma) 45 IND 

TS7 (Y) 2 PNP(A) Ge 70 500 20 — 4.0 hyelle-1ma) 35 STCB 

TS8 (Y) 2 PNP(A) Ge 70 500 10 — 8.5 hyelle-1ma) 65 STCB 

TS9 2 PNP(A) Ge 130 270 56 = .60 hyelle-10ma) 70 STCB 

1S13 2 PNP(A) Ge 70 500 30 = .60 hyelle-1ma) 52 STCB 

TS14 2 PNP(A) Ge 70 500 30 — 50 hyell--1ma) 32 STCB 

TS15 2 PNP(A) Ge 70 500 65 — 50 hyelle-1ma) 35 STCB 

XA101 2 PNP(A) Ge 90 330 20 16 5.0 hyello-1ma) 35 ESEB 

XA102 2. PNP(A) Ge 90 330 20 16 8.0 hfelle-1 ma) 60 #8 Ese 

XB102 2 PNP(A) Ge 90 330 35 16 — hyellc-1ma) 30] Ef 'ESEB 

XB103 2 PNP(A) Ge 90 330 35 16 = hyelle- Ima) 66" ESEB 

xc101 2 PNP(A) Ge 166 300 35 16 _— hyelle-8ma) 66 ai ESEB 

XS101 (Y) 2,5. PNP Ge 150 330 21 — 2.5 hyelle-1 ma) 20, ”" ESEB 

NOTATIONS Under Type and Type No. Under fab 
Under Use B—Birklsed or Drift Figure of Merit 
— - eA Other 
Medi power ot es snare cal to or less than 500 mw Micon ces Se 6-PhetGtcausistoct 
rams roopaveen released with = 4 (Von——20) 
5—Switching & Computer S=Suthace Barrios ed with new specs — we 
UNI—Unijunction Transistor 9—Rise time —2 usec 
Y—Symmetrical 10—Rise time —3.5 ysec 


11—Rise time —6.5 usec 
12—Frequency for fab=1 


The following manufacturers have announced that they have begun supplying the indicated previously 
registered transistors. 


General Electric: 2N334, 2N336 

Great Eastern Mfg: 2N34, 2N35, 2N68, 2N94, 2N94A, 2N95, 2N101, 2N102, 2N139, 2N141, 2N142, 2N143, 2N144, 
2N155, 2N168A, 2N169A, 2N176, 2N193, 2N194, 2N211, 2N212, 2N213, 2N214, 2N214MP, 
2N216, 2N217, 2N228, 2N229, 2N233, 2N233A, 2N235A, 2N241A, 2N242, 2N247, 2N250, 2N255, 
2N256, 2N257, 2N270, 2N292, 2N296, 2N301, 2N301A, 2N306, 2N307, 2N312, 2N321, 2N325, 
2N326, 2N350, 2N351, 2N356, 2N357, 2N358, 2N370, 2N371, 2N372, 2N377, 2N383, 2N384, 2N385, 
2N388, 2N399, 2N401, 2N404, 2N406, 2N408, 2N409, 2N410, 2N412, 2N419, 2N420, 2N515, 2N516, 
2N517, 2N544, 2N556, 2N557, 2N558, 2N576, 2N587 

Industro: 2N413, 2N413A, 2N414, 2N414A 

Motorola: 2N425, 2N426, 2N427, 2N428, 2N464, 2N465, 2N466, 2N467 

RCA: 2N176, 2N351, 2N376 

Sprague: 2N299, 2N300, 2N393, 2N499, 2N500, 2N501, 2N502, 2N503, 2N504, T1050 

Tung-Sol: 2N242, 2N307, 2N307A, 2N404, 2N433, 2N414, 2N416, 2N417, 2N578, 2N579, 2N580, 2N581, 2N582 
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ut-Off Frequency 
vs. 
Collector Voltage 


=: sae eeme } 
1 


Alpha © 


2 


€ 


0 Vee (Volts) 


Beta Linearity 
vs. Collector Curr 


gunmen) 
25 


B 


MILY AP PLICATIONS DATA 


Rise, Storage, Fall Time in Low mysec Range 
High Oscillator efficiency at 200 mes 
Amplifier gains of 10 db at 200 mes 


Here is a major breakthrough in the 
frequency barrier . . . a new family of field- 
flow Micro Alloy Diffused-base Transistors: 
Philco MADT’s extend the range of high 
gain, high frequency amplifiers; high speed 
computers; high gain, wideband amplifiers 
and other critical high frequency circuitry. 


Class of Use 


MADT FA Oscillator 
sere! Efficiency 


cs (min) 


usec; ; 
t with current gain © 


ts =. 
circul 


mes 
m - x.)5 
A =12 mysec; (18 ma 
: 2N500 ced ewitch typical b vere (0 max). In 
Ultra ge (od (12 max.);, “6 aa voltage turnol. 
im amplifier to 


250 mcs 


Sav mpli- ‘ . 
2 fmax t 125% at 104 oa 100. sha - MADT?’s are available to various volt- 
TYPE 250 mcs aD ee mes (min) 7 roe age and frequency specifications for design 
. s. Oo . . . . 
2N499 (min) 25% at 200 or med of high performance transistorized equip- 


ment through the entire VHF and part of 
the UHF spectrum. These transistors 
range in f,,,x from 250 mc to as high as 
1000 mc. MADT gains are typically 10 
db at 200 mc and greater than 16 db at 
100 mc. A low cost general purpose unit 


* Available in voltage 


InJETEC TO-9 Case (widely kno 
In 


2N502} +31 db at | to 100 mcs is available which will deliver typically 
eee |= | 100 mes(mun.f high gain. 3 18 db at 50 mc and 32 db at 10 me. 
Ree 46 db at t _IF amplifier __—— Make Philco your prime source of information 
2N504 T.48 SE eral for high frequency transistor applications. 
TERI NE ue We 
ratings upto 3?” per EC 30 Case)- 


Write to Lansdale Tube Company, Division of 
Philco Corporation, Lansdale, Pa., Dept-_C-958 


*Trademark Philco Corporation for Micro Alloy Diffused-base Transistor circle No. 19 on Reader Service C 


For # call from our nearesi Field Engineering Representative 


SINGLE DIFFUSED _ 
JUNCTION < 


UP TO 25 AMPS 
FORWARD CURRENT 


PIV TO 600 VOLTS 
COLOR CODED 


ONLY 914 GRAMS 
1/5 USUAL WEIGHT 


HIGH POWER RECTIFIERS 


with single diffused silicon junction 


Chalienging performance... 
to exacting requirements 


For your successful application, U. S. Semcor has achieved out- 
standing performance through positive mechanical stability— 
vital to electrical stability—and reliability. Exclusive new color 
code follows EIA sequence for quick visual PIV reference. Also 
featured is single construction head that eliminates solder seals 


for higher forward conductance. 


* Single Diffused Junction 

* Non-position Sensitive 

* Extremely Vibration and Shock Resistant 
* Welded Hermetic Seal 

* Aluminum Heat Sink 


Overall height is only 1.625”, with smaller 
encasement and weight just one-fifth that 
of comparable units, 


* High PIV - 50 to 600 Volts 
« Excellent Forward Conductance 
25 amps at 1 Volt 
¢ Low 1 ma Saturation Current at rated PIV 


Single 
Diffused 
| Junction 


Provides matched 
coefficients of 
expansion of internal 
lead wire and diode 
case, prohibits 
separation even under 
extreme shock. 


U.S. SEMICONDUCTOR PRODUCTS, INC. 


3526 WEST OSBORN ROAD + PHOENIX, ARIZ. « Applegate 6-5591 


— or for complete 


technical data — write or wire today to Sales Engineering Department, 


For further information circle No. 20 on Reader Service Card 
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PATENT REVIEW 
[Continued from page 43] 


October 25, 1949 


2,485,589 Selenium Rectifier a: 
Photocell;—F. Gray; Assignee: I 
ternational Standard Electric Cor 
One includes in and _ distribu 
throughout the selenium layer : 
powdered thermosetting synthe 
resin. ; 
2,485,593 Rectifier and Method 
Making the Same;—L. B. Haig; 
Assignee: Federal Telephone @ 
Radio Corp.; A rectifier cell assen 
bly. 


November 15, 1949 


2,488,369 Selenium Rectifier;—W, - 
Blackburn; Assignee: Westinghou: 
Electric Corp.; The method of form 
ing a blocking layer on seleniu: 
which comprises producing therec 


| a layer of cadmium sulphide. 


November 29, 1949 


| 2,489,767 Rectifier;—P. H. Fennem: 


A. J. van den Hoogenhoff; Assignee 


| The Hartford National Bank an 
| Trust Company; A rectifier assembl! 


with unperforated rectifier element; 


December 6, 1949 
2,490,435 Electrical Rectifier Con 


| struction;—L. K. MHeddling; As 


signee: The Union Switch and Signe 
Company; An asymmetric rectifie 
stack. 


January 3, 1yaU 


2,493,241 Dry Plate Selenium Recti 


| fier;—S. S. Fry; Assignee: Fanstee 


Metallurgical Corp.; Production of 
blocking layer device by the actio 
of hot cyanogen gas upon the sele 
nium layer. 

2,493,643 Metal Rectifier of th 
Selenium Type;—E. A. Richards 
Assignee: International Standar 
Electric Corp.; A rectifier elemen 
assembly. 


January 31, 1950 


2,495,716 Rectifier;—J. M. Girare 
Assignee: International Standar 
Electric Corp.; The counter-elec 
trode has a pointed portion whic 
penetrates an insulating membran 
and makes point contact with th 
selenium layer. 


February 7, 1950 
2,496,346 Semiconductive Resistanc 


Provided With Metal Contact;—P. 
‘W. Haayman, H. Bruining; Assignee: 
‘The Hartford National Bank and 
‘Trust Co.; An electrical resistance 
device made of sintered magnesia 
containing about 3% of particles of 
reduced titanium oxide. 

2,496,432 Selenium Rectifier;—W. E. 
Blackburn; Assignee: Westinghouse 
Electric Corp.; A circuit element 
comprising a base plate having a 
‘selenium layer, a layer of mag- 
nesium, aluminum, or beryllium 
alone or in combination, and a cad- 
mium containing counter electrode. 
2,496,692 Selenium Rectifier;—W. E. 
Blackburn; Assignee: Westinghouse 
Electric Corp.; A rectifier compris- 
: ing a barrier layer between selenium 
surfaced with cadmium sulphide and 
an alloy containing cadmium, tin, and 
gallium. 


Be 
February 14, 1950 


2,497,649 Process of Electroforming 
Selenium Rectifiers;—R. D. Amsden; 
Assignee: General Electric Com- 
pany; A method of improving the 
rectifying characteristics of a sele- 
nium cell by 
through electric pulsation having a 
polarity opposing the blocking char- 
acteristic of said cell. 

2,497,770 Transistor-Microphone;— 
R. L. Hanson; Assignee: Bell Tele- 
phone Laboratories; An _ electro- 
mechanical transducer comprising a 
vibration responsive membrane, two 
electrodes, and a block of semi- 
conductor material supported be- 
tween and engaged by the elec- 
trodes. 


February 21, 1950 


2,498,240 Selenium Rectifier;—W. E. | 
Blackburn; Assignee: Westinghouse | 


Electric Corp.; An electrical circuit 
element comprising an interface be- 
tween selenium surfaced with cad- 
mium sulphide and an aggregate 


consisting of cadmium and an alkali | 


metal. 


February 28, 1950 


2,498,666 Rectifier 
Escoffery, W. H. Hawk; Assignee: 
Federal Telephone and Radio Corp.; 
A rectifier comprising a metal rod 


base element carrying a coating of © 


semiconductive selenium. The unit 
is formed in a hermetically sealed 


cartridge. 
2,498,714 Selenium Rectifier;—A. M. 
Searle; Assignee: International 


Standard Electric Corp.; A selenium 
rectifier element that comprises a 
perforate ceramic supporting mem- 


ber. 


2,498,890 Rectifier Unit;—C. A. 
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Unit;—C. A. | 


conducting there- | 


INTERNATIONAL GEOPHYSICAL YEAR 
+ 1987-58 


temperature compensated 


REFERENCE ELEMENT 


superior in performance to 1N430 Series 


TRIPLE DIFFUSED WAFER TECHNIQUE 
NETS SMALLEST PACKAGE YET! 
U.S. Semcor’s completely new design 


Axial Lead Reference Element has 
achieved performance heretofore unob- 


tainable +++ for use in computers, ACTUAL 
measuring instruments and controls— SIZE 
wherever a reference voltage is desired 
+4444 combines single diffused silicon 
junction advantages with a unique newly | 
developed triple wafer sandwiching 
method +H provides matched coeffi ONLY 
cients of expansion of internal lead wire 1 INCH 
and diode case, prohibits separation even LONG 
under extreme shock +HH# results In an 
impressive .0005% per °C temperature | 
coefficient *4t#- over an operating range 
of —65°C to +200°C — 50 degrees higher 
than other available devices >Hi} 
diminutive 1” long x 4” 0.D. package size ONLY 
with axial leads >t} rated at 8.9 to 9.5 3, INCH 
volts at 10 milliamps, Z, = 15 ohms +H DIAMETER 
non-position sensitive for most compact 
placement H+ both axial lead and 
lug terminal styles currently availabie. 
For a call from our nearest Field Engine ¢ Rep: 


resentative—or jor complete technical data—write 


today to Sales Engineering Department 


Over 55,000 square feet of modern dust-proof, air conditioned 
facilities devoted exclusively to the research, development 
and production of electronic devices 


For further information circle No. 21 on Reader Service Card 


o7 


J SHOCKLEY 4-LAYER TRANSISTOR DIODE* 
SIMPLIFIES SWITCHING CIRCUITRY FOR 
COMPUTERS, TELEPHONY, CONTROL 


HERE’S HOW 

[] 

2s = 
= 

os 


| 


2-terminal ... With 4 layers, ...can replace conjugate 
switching diode alternate n and p type structure of 5 components 


RANGEOF CHARACTERISTICS: Come tesistances cnn: 


(from 1—3 amps., voltage <1 volt 
V, (breakdown voltage) . 20-100v plus 0.2 to 1.5 ohms times current) 


|, (breakdown current) . <500 wa Dissipation ea LOO mW. 
V, (holding voltage) . . . <2V Time to close . : . <0.l usec 
|, (holding current) . . <50 ma Time! to open) a>.) <O12)usec 


STANDARD TYPES AVAILABLE FOR DELIVERY.NOW 
Ws Us Vi, i R, 
No. Volts pa Volts ma ohms 
4N20D 20+5 < 500 <<a <50 < 10 
4N30D 30+5 < 500 <2) <50 <10 
4N40D 40+5 <500 <2 <50 <10 
4N50D 50+5 < 500 <2 <50 <10 


ENGINEERING DATA AND ASSISTANCE 


Our engineering staff, under the direction of Dr. William Shockley, 
will undertake circuit problems in typical applications such as: 
sawtooth oscillators, pulse generators, bistable circuits, ring 
counters and various switching functions. Special types of 
transistor diodes are being developed to individual specifications. 
Technical information on request. Write to Dept. 1A-718. 


*Invented at Bell Telephone Luboratories. 


Shockley Transistor Corporation 
1117 California Avenue, Palo Alto, Calif. 


A SUBSIDIARY OF BECKMAN INSTRUMENTS, INC, 
For further information circle No. 22 on Reader Service Card 


Kotterman; Assignee: Kotron Recti: 
fier Corp.; A metal plate rectifier 
assembly. 


March 28, 1950 


2,501,331 Liquid Cooled Rectifie 
Assembly;—C. C. Hein; Assignee 
Westinghouse Electric Corp.; A plat 
type rectifier assembly adapted t 
draw current from an _ n-phas 
alternating source and to supply 
current to a direct current circuit o 
n units. 

2,501,798 Blocking-Layer Cell; 
W. C. van Geel, A. J. Dekker 
Assignee: The Hartford Nation 
Bank and Trust Company; The 
manufacture of a blocking-layer ce 
by electrophoretically depositing a 
homogeneous’ selenium blocking 
layer on an electrode of the cell. 


April 4, 1950 


—G. L. Pearson, W. Shockley; 
Assignee: Bell Telephone Labora-- 
tories; A translating device compris-- 
ing a filament of semiconductive ma-. 
terial and means for making three; 
connections. 
2,502,488 Semiconductor Amplifier; 
—W. Shockley; Assignee: Bell Tele-. 
phone Laboratories; A translating 
device comprising a body of semi-. 
conductive material having zones of 
opposite conductivity type separated 
by a barrier, an ohmic connection to 
each zone remote from the barrier, 
and a rectifying contact on one zone 
closely adjacent to the barrier. 
2,502,540 Method of Manufacturing 
Blocking Layer Cells of the Selenium 
Type;—J. J. van Amstel; Assignee: 
The Hartford National Bank and 
Trust Company; Steps in the manu- 
facturing of a blocking layer seleni- 
um rectifier cell. 

2,902,729 Rectifying Installation;— 
H. A. Klinkhamer; Assignee: The 
Hartford National Bank and Trust 
Company; A system for maintaining 
a battery connected to a load in a 
charged condition. 


April 11, 1950 


2,903,429 Metallic Casing for Electri- 
cal Units;—A. W. Ziegler; Assignee: 
Bell Telephone Laboratories; A 
solder sealed metallic casing for an 
electric translating device. 

2,003,837 Electrical Translating De- 
vice;—R. S. Ohl; Assignee: Bell 
Telephone Laboratories; Construc- 
tion of the device including the 
rectifying element. 


April 18, 1950 
2,904,226 Devices Which Have Se- 
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lenium as Constituent Parts Thereof; 
—D. W. Rau, A. H. Bruemmer; A 
method of enhancing the ability of 
selenium to resist current flow in 
one direction without appreciably 
increasing its resistance to current 
flow in the other direction. 


April 18, 1950 


2,004,627 Electrical Device With 
Germanium Alloys;—S. Benzer; 
Assignee: Purdue Research Founda- 
tion; A semiconducting body of 
nitrogen-germanium alloy having 
p-type and n-type regions has a 
point contact conductor placed in a 
region that causes the resistance of 
the device to be light-sensitive. 
2,504,628 Electrical Devices With 
Germanium Alloys;—S. Benzer; As- 
signee: Purdue Research Founda- 
tion; A light-sensitive, point-con- 
tact germanium device consisting of 
n-type and p-type germanium, can 
regulate the saturation current be- 
tween the semiconductor and the 
point contact. 


April 25, 1950 


2,504,965 Electrical Bridge Network; 
—V. C. Davis; An electrical bridge 
circuit containing many asymmetri- 
cal conductors. 

2,905,633 Alloys of Germanium and 
Method of Making Same;—R. M. 
Whaley; Assignee: Purdue Research 
Foundation; Germanium 99% pure 
is alloyed with nitrogen at pressures 
between 2 mm and 760 mm Hg and 
at temperatures between 1000°C. 
and 1100°C. 


May 2, 1950 


2,505,936 Temperature Compensated 
Conductivity Cell Electrode;—E. R. 
Behn; Assignee: Control Instrument 
Company, Inc.; Unit consists of a 
thermally and electrically conduc- 
tive shell and a semiconductor with 
a negative temperature coefficient of 
resistance. 

2,506,067 Plug-In Electrical Unit;— 
C. E. Cohn; Assignee: None;Elec- 
trical elements within an insulating 
cup, said elements comprising a dry 
disk rectifier and electrical re- 
sistors. 

2,506,386 Methyl Germanium Com- 
pounds and Methods of Preparing 
the Same;—E. G. Rochow; Assignee: 


General Electric Company; Method. | 


consists of mixing methyl ger- 
manium halide with water, passing 
hydrogen sulfide through the mix- 
ture, and isolating the insoluble 
methyl germanium sulfide. 


[CONTINUED IN NEXT ISSUE] 


SEMICONDUCTOR PRODUCTS 


S|IGMUND COHN 
CORP. 


and 


Metallurgists 


mene in 
Specialists ! 
P al Products 


Unusual Met 


Precision Produced 
MATERIALS for 


TRANSISTORS 
and DIODES 


GOLD doped with N-type or 
P-type elements—supplied in the 
form of wire, sheet or ribbon and 
cut or stamped pieces. 


INDIUM electroplated base or 
precious metal wires. 


WELDED RIBBONS-—Dissimilar 
metal ribbons of the same width 
can be continuously welded 
together, within close overlap tol- 
| erances, 


Your inquiry is invited. 


SINCE 1901 


SIGMUND COHN CORP. 


Mount Vernon, N. Y. 


121 South Columbus Avenue ° 
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HIGH FREQUENCY 
INDUCTION 


HEATING 


¢ The Lepel line of induction 
y -heating equipment represents the 
most advanced thought in the field of 
electronics as well as the most practical and _ 
efficient source of heat yet developed for industrial 
heating. ‘ 
If you are interested in induction heating you are invited 
to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 
data and recommendations without any cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 
IN THE MANUFACTURE OF TRANSISTORS 


SOLDERING TRANSISTOR 
ASSEMBLIES 
BY INDUCTION HEATING 


SINGLE CRYSTAL PULLER 


WICKER SHELL 


0009 [ gooe 


GLASS INSULATOR 


General arrangement for pull- 
ing single crystals. Induction 
heating coil is shown surround- 
tinned glass, thus causing ing quartz tube containing 
solder to flow for permanent crucible with molten germa- 
rl nium in suitable atmosphere. 

C9OCCHEHOOOOOHOHOHS SOHO OOHOHHHOOOCEEOES 


MULTIPLE ZONE REFINING 


Concentrator-type coil creates 
high intensity, restricted heat- 
ing at joint of nickel shell and 


Induction heating apparatus used in zone refining. The six 
coils shown provide simultaneous molten zones in the ingot 
as it passes through the tube containing the protective 
atmosphere. 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 
packed with valuable information. 


All Lepet equipment is cer- 
tified to comply with the 

} requirements of the Feder- 
al Communications Com- 
mission, 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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EDITORIAL [from page 7] 


their companies well by sending greater numbers o | 
their scientific personnel to these gatherings. 


Military Applications of Transistors 


In a paper presented by J. P. Molnar at the Bel 
Telephone Transistor Press Conference on June 7th, 
the importance of the transistor in military applica 
tions was indicated. One of the examples discussed 
was a transistorized helmet radio designed by the 
U. S. Army Signal Corps Research & Development} 
Labs at Fort Monmouth. Except for the microphone, 
the entire transmitter and receiver, which weighs 
only a few ounces, fits inside the helmet. Another 
illustration quoted showing the importance of the 
transistor was in the general area of computers used: 
in the control of missiles. In one such application, the: 
computer is contained in the missile itself and rides; 
with it in flight. These are significant illustrations of 
how transistors pay off in their ability to keep weight. 
and power consumption at a minimum, and point up: 
the tremendous application possibilities of transistors: 
for military use. 


A New Service 


This issue of SEMICONDUCTOR PRODUCTS in-. 
cludes the first installment of PATENT REVIEW: 
beginning on page 41. The purpose of this department 
is to provide a complete file of patent information per- 
taining to semiconductor devices, fabrication tech- 
niques and processes, and circuits and applications 
from 1948 on. At the outset, and until such time as 
the department catches up with current patents, each 
item will be necessarily a brief abstract of the patent 
in question. Subsequently, they will be dealt with in 
greater detail. In this issue we cover the patents an- 
nounced in 1948, 1949 up to May 2, 1950. In subse- 
quent issues we will provide approximately the same 
page space in providing this information. As a final 
goal we will provide current patent information quar- 
terly. This is another service we embark upon for our 
readers. We invite comment and criticism. 


Conference on Silicon Carbide 


A conference on silicon carbide, the new semicon- 
ductor, is scheduled at Boston, April 2-3, 1959, under 
the auspices of the Air Force Cambridge Research 
Center. A twofold objective characterizes the arrange- 
ments for this meeting: (1) to consider the prepara- 
tion, properties, and applications of the new material; 
(2) to consolidate efforts on its research and develop- 
ment. The program includes several invited papers 
from this country and abroad, submitted comprehen- 


sive papers (30 minutes), and brief reports on recent 
developments. 


Samuel L. Marshall 
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NORTH HILL’s nove co. 


Constant Current 


1 ma to 30 amps 


b> Rapid manual or automatic switching 
to desired current levels. 


& High accuracy and stability. 
b> Current can be electronically switched, 


pulsed, swept, modulated and programmed. 


Ideal for Rapid Testing of: 


b> Semiconductors 


> Electromagnetic Components 
b> Other Current-Sensitive Devices 


© Model CG-1 1ma—600 ma 
@ Model CG-11 Transistorized .05 — 5 amps 


© Model CG-12 Transistorized .5 — 30 amps 
For further data, 
write for Bulletin E-1M 


NORTH HILLS ELECTRIC CO., INC. 


402 Sagamore Ave., Mineola, N.Y., Pl 7-0555 
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FOR SAFETY'S SAKE 


and better work, too... / 


surgically-sharp | 
KNIVES | 


nterchangeable blades | 


or all cutting, if 

licing, trimming, as 

litting jobs! *& 
— ak 


Cutting efficiency and 
safety with a blade shaped 
to suit your needs. Try-out 
order! $1.00 for knife han- 
dle and sample blade as- 
sortment. Catalog of 
complete knife and blade 
line on request. 


x-acto 
INDUSTRIAL 


If you have any special 
requirements for cutting 
tools, call us at once. 


Hantieroft Toole INC., 


A division of X-acto, Inc. 
48-49 Van Dam Street 
Long Island City 1, N. Y. 


CUTTING 
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VA 
New 
Products 


Voltage Limiter 


Electronic Measurements Co., Inc. an- 
nounces the development of an in- 
stantaneous, all-electronic voltage 
limiter for use with power supplies. 
The voltage limiter is used to protect 
transistors, and other voltage sensitive 
devices. from damage due to both low- 
and high-speed voltage excursions. The 
limiter is adjustable to provide protec- 
tion at any voltage between 0 and 50 
volts, and it will handle power supplies 
with ratings up to 3 amps. 
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Hall Effect Semiconductor 


Ohio Semiconductors announces a 
new semiconductor device based upon 
the Hall effect. The device is called a 
Halltron, type HS-51. This particular 
device utilizes a thin wafer of indium 
antimonide. Many applications are an- 
ticipated in electrical and electronic cir- 
cuits and in transducers for control 
circuits, computer functions and instru- 
mentation systems. The output voltage 
is a function of the product of an input 
current and an applied magnetic field, 
and can be used as an inverter of dc to 
ac, as a measure of magnetic field, a 
measure of power, a gyrator, a circula- 
tor, a measure of position, and a host of 
other applications. 
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Zener Voltage Regulators 


U. S. Semiconductor Products Inc. 
announces a new line of diffused junc- 
tion, silicon Zener voltage regulators 
available in voltages ranging from 8.0 
to 30 volts, and up to 150 volts on 
special order. The new devices, which 
have a double anode configuration, 
feature low Zener impedance, maxi- 
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components for 


Semi 
conductors 


Inspection by contact. 


High Purity Dot Material 


“CCURATE 
SPECIFICATIONS 


Weight Specifications: 


> | DISCS: 
Where gauge is 2/3 of diame- 
ter or less, weight contro! main- 
tained to +2%, except where 
gauge falls below .008”. 


Size Specifications: 


> | DISCS: 


Diameter maintained at + 
.0005”;in special cases + .0002”. 


> | SPHERES: 


Normal tolerances as follows: 


.001” to .010” + .0002” 
.011” to .027” + .0003” 
.028” to .035” + .0004” 
.036” to .045” + .0006” 


Tolerances listed have been ex- 
ceeded and held to + .0001”. 


Ou: design and production engineers 
are available for consultation on 
any problems you may encounter in 
the realm of semi-conductor alloys. 
For bulletin write or call today. No 
obligation, of course. 


yCCURATE 


SPECIALTIES CO., INC. 


37-13 57th St. ¢ Woodside 77, N. Y. 
TWining 9-5757 
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PORTABLE REGULATED 
POWER SUPPLIES 


NEW for 


transistor 
work 
WV 


as a power source for most experimental work 
on transistor circuitry and prototype develop- 
ment of transistor devices. Continuous variable 
wide voltage range coupled with high current 
rated over entire voltage range makes these 
rugged, service free units a basic requirement 
for every laboratory. 


Model PR-1A ¢ Hi-Ranges: 0-120V 
e High Current 1 Amp. DC 
® Regulated DC or AC output 
e Extremely low ripple 


RM-1A 


Specifications For Models PR-1A & RM-1A: 
Input: 95-130V, 60 Cycles 
DC Output: 0-120V, 0-1 Amp. 
AC Output: 0-130V, 0-1 Amp. 
Regulation; = 1% for line 95-130 V 
Completely isolated output 


Some other applications: 
Versatile Production Test Supply 
DC or AC motor control 
Fine control of saturable reactors 
Regulated DC or AC filament supply 
Regulated, adjustable line source 


Write for Technical Bulletin SC-9 


PRIGES# Ginmiccusieneneatns Model PR-1A $165.00 
Model RM-1A $155.00 

*With meters, add $30.00 

Vernier voltage adjust. available at slight extra cost. 


IMMEDIATE DELIVERY! 
For Vacuum tube applications request literature 
on our PR-100 and PR-200 models, rated up to 
-2 ampere at 300 volts. 


NUTRON MANUFACTURING CO., Inc... | 


67 Monroe Ave., Staten Island 1, N.Y. 
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mum power dissipation of 3 watts in 
free air and 10 watts on a heat sink, 
and a lower temperature coefficient 
than can normally be achieved in the 
usual Zener diode. The anodes are 
normally matched to within 5%, and 
units can be selected with anodes 
matched to within 1%. A single unit 
can, therefore, be used as a symmetri- 
eal clipper. 


Circle 103 on Reader Service Card 


Selenium Rectifiers 
For Vibrating Cushions 


A new, reliable and economical 
selenium rectifier designed for use in 
vibrating cushions has been marketed 
by the Radio Receptor Co. 

The rectifier is available with either 
eyelet construction or with a bracket 
so that it can be readily spot welded or 
riveted to the pans at considerable sav- 
ing in assembly costs. To lower costs 
further, Radio Receptor has found a 
means of reducing the number of 
selenium cells required to do the job. 
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Miniature Ceramic Capacitors 


Sprague announces its new layer- 
built Monolythic ceramic capacitors for 
transistorized circuitry. Into a small 
rectangular block 1” x 1%” x 1%” thick, 
it is possible to pack a capacitance of as 
much as .75 mf at 25 volts d-c. The 
new capacitors are built by spraying 
alternate layers of ceramic dielectric 
material and silver electrodes until the 
desired capacitance is achieved. The 
resultant capacitors are solid homoge- 
neous blocks. These small capacitors 
will be of especial interest to designers 
of military and other minified elec- 
tronic equipment. 
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Super-Sub-Miniature 
ransiormers 


For transistor circuitry 
in servo-mechanisms, 
hearing aids, radios, 
telephones 


> High reliability guaranteed. 

p> Higher impedance, with super 
miniaturization, under full load. 

> Large quantities used, with tran- 
sistors, by leading manufacturers. 

> Each unit critically inspected. 

> Immediate delivery from inventory © 
covering wide range of impedance 
ratios in sub-miniature and super- 
sub-miniature sizes. 

P Prototypes — Designed or wound 
and enclosed to specifications. . . . 
Delivery within two weeks. 


For further information and catalog 
call or write today... 


Frank essler Co., Inc., 41-45 47th St. 
L.1.C. 4, N.Y. + Tel.: STillwell 4-0263 


circle No. 30 on Reader Service Card 


NEW 


SEMICONDUCTOR 
DEVICE 


Halltron 


C TYPE HS-51 
j 


The HS-51 HALLTRON is based 
upon the Hall effect. Its output 
characteristics are related to 
the product of the input cur- 
rent and magnetic field, hence 
are useful in many new ap- 
plications. The HS-51 HALL- 
TRON is a fully developed 
production unit utilizing in- 
dium antimonide and is de- 
signed to work in the 
customer's magnetic cir- 
cuit. 

Applications of the 
HS-51 HALLTRON 


/ Typical Room 
Temperature 
Characteristics 


Typical open- 
circuit Hall out- 
put voltage of 


@ DC to AC an HS-51 HALL- 
converters | TRON vs. mag- 

@® Magnetic field netic field strength 
measurement for various values 

e Computer of control current, Ic. 
applications 

@ Control 
applications 

®@ Gyrators 


® Circulators 
@ Power meters # 
@® Transducers f 


\L OUTPUT VOLTAGE, V,_, MILUVOLTS 


MAGNETIC FIELO STRENGTH, H, KILOGAUSS 


MICONDUCTORS, INC 


- THIRD AVENUE, COLUMBUS 8, OHIC 
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Moxy Resins and Hardeners 
Epoxy Products, Inc. announces five 
‘sic forms of epoxy to meet the var- 
4s problems of component encapsula- 
‘n. They are available as shells and 
peves in standard sizes which may be 
achined to special configurations; 
yided sheets in a variety of thick- 
sses; casting powders in the form of 
emixed resin and hardener; pellets 
mtaining pre-metered compressed 
isting powder; and liquid resins and 
irdeners. 
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urrent Governor 


The North Hills Electric Co., Inc., 
roduces the Model CG-12 Current 
jovernor for constant current. It fea- 
ires rapid manual or automatic selec- 
on of the desired current level, high 
kcuracy and stability, constant current 
ver a wide voltage range, and a current 
hich can be electronically switched, 
ulsed, swept, modulated and pro- 
rammed. Additional applications in- 
ude its use as a versatile electronic 
aad and in the production testing and 
boratory operation of current sensi- 
ve devices. 


Circle 146 on Reader Service Card 


letergent and Solvent 


The Narda Ultrasonics Corporation 
as developed a new water-wash de- 
rgent and a new degreasing solvent 
ecially compounded for use in ultra- 
mnie cleaning equipment. The new 
roducts are known as BLAST 1 for 
se as an additive to water baths and 
LAST 2 for use as a degreasing bath 
; shipped to the consumer. Although 
esigned to develop maximum efficiency 
. Narda SonBlasters, BLAST 1 and 


BLAST 2 will improve the efficiency 
of any type of ultrasonic cleaning 
equipment. 
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Pigtail Welder 


An automatic assembly and welding 
machine for electronic components pro- 
duction is announced by Raytheon Man- 
ufacturing Company. The machine turns 
out precision-welded “pigtail” assem- 
blies at a rate of 3000 per hour. Several 
machines can be tended by a single 
operator. Soldered connections have 
proven unreliable under the tempera- 
ture extremes encountered in military 
electronic applications, and fast, sure 
welding is now a “must.” 
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Tektronix Preamp Power Supply 


The Type 127 supplies operating 
power to any one or combination of 
two Type 53/54 Plug-In Preamplifiers. 
Outputs of the plug-in preamplifiers 
are fed through dc coupled differential 
amplifier stages and cathode followers 
to provide a push-pull signal at the 
output. Gain of the unit is one, push- 
pull. Using single-ended output, gain is 
one-half. Risetime is 0.018 usec. Output 
swing is linear + 3% over a range of 
+ 0.3 v. All de voltages supplied to the 
plug-in units are electronically regu- 
lated. The Type 127 can also be used 
with an oscilloscope for dual-differen- 
tial and multiple-trace displays. 
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Chopper 


Solid State Electronics Co. announces 
the Model 50 transistorized chopper (or 
modulator), a solidly encapsulated unit 
designed to alternately connect and dis- 
connect a load from a signal source. 
It may also be used as a demodulator 
to convert an ac signal to de. It is capa- 
ble of linearly switching or chopping 
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TANTALYTIC. 
CAPACITORS 


think of 
\chweber 


IN STOCK—OVER 250 DIFFERENT 
RATINGS polar and non-polar types. 


SOLID ELECTROLYTIC 
—80°C to + 85°C 

Available up to 60 volts 
Smaller size Higher stability 
Lower temperature 

Low impedance at 

higher frequencies 
Unlimited shelf life 


+125° For 


high: temperature, 

miniaturized high 

reliability. Designed for 
cramped quarters. 


+125° 

Permits maximum 
flexibility in chassis 
arrangement in 
minimum space. High 
temperature, long 
life. 


KSR 


King Size 

Rectangular 

New designs 

provide up to 

40% reduction 

in weight, and 

30% reduction in 

required space, 

when compared to other foil tantalum 
units. Packs a lot in a little space. 
Costs less per volt-microfarad. 


We know you will appreciate a supplier who 
sells TANTALUM CAPACITORS as a MAIN 
LINE instead of a side line! Send for our 
latest specially prepared GE Tantalytic® 
bulletin. 


Schweber ecécrRrowics 


60 HERRICKS ROAD — MINEOLA, L.1., N.Y. 
PIONEER 6-6520 
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PROFESSIONAL GROWTH . . . 
STABULUT Vaiey << ': 
CAREER CHALLENGE 


Opportunity 
Unlimited ... 


TRANSISTOR & VACUUM TUBE 
CIRCUIT DESIGN ENGINEERS 


PROJECT, SENIOR & STAFF LEVEL 


Permanent Positions . . . 
Commercial & -Military Program 


Your talent and ability pay off at Adler Elec- 
trenics. No ‘‘pigeon holes'' . . . you're a key 
professional, handling a variety of COMPLETE 
jobs from concept to production—full scope for 
your initiative and imagination. Adler's ex- 
panding 300-plus team does a BIG job all 
year ‘round. 


e Located in Westchester, 45 minutes from 
mid-NYC. 

* Finest schools, social & cultural facilities— 
‘suburbia’. 

* Pleasant, informal 
fringe benefits. 


QUALIFICATIONS: 

Transistor Circuit: 3 to 4 years min. exp. 
Vacuum Tube Circuit: 5 to 10 years min. exp. 
Background in VHF, UHF, printed circuitry, 
and reliability designing, coupled with de- 
velopment know-how in creation of bread- 
board models. 


LOOK INTO OUR FUTURE AND YOURS. 


conditions; generous 


Please contact or send resume to: 
Adeline Jennings, 
NE 6-1621 


ADLER ELECTRONICS, INC. 
1 LeFevre Lane, New Rochelle, N.Y. 


Z 


ne 
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voltages over a wide dynamic range 
which extends down to a fraction of a 
millivolt. Unlike mechanical choppers 
which can only be designed to operate 
over a narrow and comparatively low 
frequency range due to mechanical lim- 
itations, this transistorized chopper is 
an inertialess device that can be driven 
from de to hundreds of kilocycles. 
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Composite Transistors and Diodes 


Advanced Research Associates, Inc. 
announces a newly developed line of 
“composite” transistors. According to 
the manufacturer these transistors fea- 
ture several thousand percent higher 
gain, internal thermal compensation and 
overall gain stability. These units differ 
primarily from conventional units by 
employing a greater number of internal 
junctions, while retaining the same 
number of external leads. 
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Printed Circuits 


Elco Corp. announces their “Varipak,” 
a printed circuit board enclosure. It is 
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designed to be adapted to any packag- 
ing technique utilizing printed or etched 
circuitry, and to provide maximum 
density from shelf stacked parts. Vari- 
pak” holds boards and printed-circuit 
connectors in alignment, and when used 
in conjunction with Elco’s Series 7000 
Printed Circuit Varicon Connectors and 
etched wiring boards, can automatically 
replace the technician’s soldering time 
of approximately 40 hours per card cage. 
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Micromanipulator 


The J. H. Emerson Co. produces a 
precision Micromanipulator for the con- 
trol of small instruments under high or 
low magnification. This device makes 
possible the accurate and rapid control 
of microtools used in biological re- 
search, processing and assembling of 
electronic parts, or for any other pro- 
cedure where small elements must be 
moved, aligned, or worked on under a 
microscope. 
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High Grade Silicon 


Mallinckrodt Chemical Works has an- 
nounced the development of a _ high 
grade of semiconductor silicon metal. 
They are now engaged in an extensive 
market testing program. This product 
is the result of research carried on in 
the Mallinckrodt laboratories and pilot 
plant. 

Mallinckrodt silicon meets the high- 
est standards required for the elec- 
tronics industry. 
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Technical Sales—Semiconductor Field 


Large mideast firm working in rapidly expanding field 
of ultra pure silicon requires technical salesman. Must 
be willing to travel. 


Degree in physics, chemistry, metallurgy, or electronics 
preferred. Age—25-35 years old. Previous experience in 
Semiconductor or electronics field preferred. 


Send complete resumé, including salary requirements, 
etc. to Box D9. 300 West 43rd St., N.Y.C., Room 600 


ee ee ee ee "| 

_< If the cost of metal stampings and wire 

(@ forms figures in your profit picture, let E 
us give you a quotation on your current 
components. Send us a sample or blue- | 
print. . . and discover how big savings 
in time and production costs, big gains 
in precision and uniformity are possible 
on small components, when Art Wire 
tackles the job! 


Our engineering staff, our production 
experience, and our modern high speed 
equipment are always at your disposal. 
If you wish to learn more about what a 
wide and versatile range of shapes and 
parts we can produce for you—at lower 
cost than you’d guess—just write for 
our illustrated folder. 


29 Boyden Place, Newark 2, N. J. 
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New 


Literature 


Two four page folders covering the 
uses and specifications of two power 
supply kits have been announced by 
Electro Products Laboratories. 

. 


_ Circle 150 on Reader Service Card 
2 

| Two new charts have been published 
by Fansteel Metallurgical Corporation 
as a service to industry. One chart 
shows the melting points of the 
metals, both in Fahrenheit and Centi- 
grade scales, while the other chart 
shows the densities of metals, grouped 


into heavy, medium and light classifi- 
os. 
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_ The selection of micro miniature re- 
lays is made simple by five short steps, 
as described in a handy two color 
folder produced by Schweber Elec- 
tronics. The Guide, graphically illus- 
trated, cuts time to a minimum when 
selecting micro-miniature relays. 
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Derivation and Tabulation Associates, 
Ine. (D.A.T.A.), has published the July 
1958 Supplement to the Transistor List 
of April 1958. This supplement lists new 
types, as well as those whose char- 
acteristics have been altered since the 
April listing. Types which have become 
obsolete are also listed. 
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Stevens Manufacturing Company, Inc. 
announces a new bulletin on the com- 
pany’s line of Stemco Type S bimetal 
thermostats designed for use in ap- 
pliances or for industrial applications. 
Punched for insertion in standard 
three-ring binders, the bulletin des- 
cribes the operating principle and the 
construction of these thermostats. 
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International Instruments Inec., an- 
nounces the publication of a new Pre- 
liminary Data Sheet, providing com- 
plete information and specifications on 
the recently developed Model 1145 
Expanded Scale D-C Voltmeter. They 
believe that it provides information of 
value for all designers of electrical 
and electronic equipment, where varia- 
tions in voltage might seriously affect 
performance of their equipment. 
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MICROWAVE ASSOCIAT EHS, 
BURLINGTON, MASSACHUSETTS @ Telephone: BRowning 2-3000 


A 


DIRECTOR, SEMICONDUCTOR 
RESEARCH & DEVELOPMENT 


MICROWAVE ASSOCIATES, INC., INVITES QUALIFIED 
SEMICONDUCTOR SPECIALISTS TO DISCUSS THE 
DIRECTION OF AN EXTENSIVE EXPANSION OF OUR 
EXISTING LONG-TERM PROGRAM IN SILICON DEVICES. 


THE MAN WE SEEK WILL BE ASKED TO ORGANIZE THE EXPANSION 
OF THE EFFORTS OF OUR PRESENT GROUPS ENGAGED IN SILICON 
METALLURGY AND THE DESIGN OF SUCH DEVICES AS DIFFUSED 
MESA JUNCTION VARACTORS FOR MICROWAVE PARAMETRIC 
AMPLIFIERS; SILICON POINT CONTACT MICROWAVE MIXER AND 
VIDEO DIODES; AND JUNCTION TYPE SILICON RECTIFIERS. 


HIS ACADEMIC TRAINING SHOULD BE IN A FIELD CLOSELY ASSO- 
CIATED WITH SEMICONDUCTORS AND ON THE DOCTORATE LEVEL. 
HE MUST COMBINE KNOWLEDGE OF SOLID STATE PHYSICS, 
SILICON METALLURGY AND SOME ELECTROMAGNETIC THEORY. IN 
HIS ACHIEVEMENTS SINCE GRADUATION HE SHOULD HAVE _ DIS- 
PLAYED A NOTEWORTHY BLEND OF CREATIVE AND ADMINISTRA- 
TIVE CAPACITIES WHICH HAS GAINED HIM TECHNICAL RECOGNITION 
IN THE FIELD. 


PREVIOUS MICROWAVE EXPERIENCE WHILE DESIRABLE IS NOT 
VITAL, SINCE OUR PRESENT SEMICONDUCTOR STAFF CONTAINS 
CAPABLE TALENT IN THIS AREA. THIS EXTREMELY IMPORTANT 
POST REQUIRES A MATURE LEADER WHO CAN GUIDE, PROGRAM, 
DEVELOP AND STAFF THE GROWING SEMICONDUCTOR PROGRAM OF 
A COMPANY WHICH HAS GROWN OVER 50% IN THE PAST YEAR AND 
IS INTERESTED IN CONTINUED GROWTH. 


MICROWAVE ASSOCIATES HAS, SINCE 1950, DEVELOPED A STRONG, 
RESPECTED AND WELL RECOGNIZED POSITION IN THE SILICON 
SEMICONDUCTOR FIELD. WE HAVE A DEMONSTRATED RECORD OF 
CONTINUED AND PROFITABLE GROWTH .. . 300 PRESENT EMPLOYEES 

. . AND AN ULTRAMODERN PLANT OF 50,000 SQUARE FEET. SITU- 
ATED ON A KNOLL OVERLOOKING BOSTON’S FAMED CIRCUMFEREN- 
TIAL HIGHWAY, ROUTE 128, IT IS PART OF THE NEW SCIENTIFIC 
COMMUNITY SPRINGING UP IN THE AREA. 


APPROXIMATELY 40% OF OUR EMPLOYEES ARE STOCKHOLDERS. 
OWNERSHIP ALSO RESTS IN THE HANDS OF AMERICAN BROADCAST- 
ING-PARAMOUNT THEATERS INCORPORATED, THE WESTERN UNION 
TELEGRAPH COMPANY AND THE PUBLIC THROUGH THE SALE OF 
COMMON STOCK UNDERWRITTEN BY LEHMAN BROTHERS OF NEW 
YORK. 


THE SALARY ARRANGEMENT WILL REFLECT THE CONSIDERABLE 
IMPORTANCE WE ATTACH TO THIS KEY POSITION AND WILL INCLUDE 
A LIBERAL STOCK OPTION PLAN. WE WILL DISCLOSE SPECIFIC DE- 
TAILS OF OUR OPERATIONS TO QUALIFIED CANDIDATES, 


YOU ARE MOST CORDIALLY INVITED TO A CONFIDENTIAL EXPLOR- 
ATORY DISCUSSION OF YOUR FUTURE WITH US. CONTACT DR. 
JEROME KORNREICH FOR SUITABLE ARRANGEMENTS, 
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Electronic Measurements Co., Inc. 66 
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g Li oy Merck & Co., Inc. 
Micromech Mfg. Corp. .. 
Z & aul ie >] Microwave Associates, Inc. 


Lepel High Frequency Labs, Inc. 60 


North Hills Electric Co. 
Nutron Mfg. Co., Inc. 


Fl E Narda Ultrasonics Corp. .. 


Precision engineered by world famous manu- 
facturer and performance proved in critical 
applications. Zener Diodes are hermetically 
sealed in glass ... . ruggedly constructed 
to resist shock, vibration and extreme cli- 
matic conditions. 


Ohio Semiconductors, Inc. 


Maximum dissipated Power 


Philco Corp., Lansdale Tube Co. 


(mW) 200 d i Price 
temperature %300°F for all Type each iat choi susidie fe aed see 
types. DR13 = $2.55 hilco Corp., Tech-Rep Div. .... 46 
- fan 26 DR16 2.55 Heart Fund F oc P+) 3 P 
Ana aera DR19 3.00 Help your 
length 59” BR2a 3.60 Heart Raytheon Mfg. Company, 
leads length 79% Semiconductor Div. ... 
GERMANIUM PHOTO-DIODES . 
Schweber Electronics .. 

SPECIFICATIONS: Shockley Transistor Corp. ...... 58 
PN ee Sprague Products Co. ..... Cover 4 
sensitive surface diameter .06” 


itive Sarkes-Tarzian, Inc. ...... Cover 3 
sensitivity better than 7OmA/lumen 


no-light current: 


maximum: at 30 volt 20 vA i 
average: at 30 volt 8 to 10 vA Tektronix, Inc. 
maximum collector voltage 30 volt 


Terminal Radio Corp. . 
Texas Instruments, Inc. .... Cover 2 | 
Transitron Electronic Corp. .... 6 


(collector voltage —1V) 


noise (Hand 200-2000 C/S 2x10-20A 


output resistance 3 Megohms 
output capacitance 30 pF 
3 db band-width better than .5 mc/s Type: PHGI Price each: $3.40 


Write for detailed specifications U.'S Semiconductor Products 


New York’s 
Leading 


: e 
Dstrbutr of minel Radio cov. 


Electronic 


OS 
Equipment gS CORTLANDT ST., NEW YORK 7, N.Y. © WOrth 4-3311 
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\ Wide Range of Ratings ... Choice of Mounting 
igh Efficiency... Low Cost... Prompt Delivery 


)ifer These Advantages — and 


J 
SERIES 


L SERIES 
LF SERIES 


HIGH CURRENT 
SERIES 


TUBE 
REPLACEMENT 
SERIES 


SPECIFICATIONS 
D. C. Current 

Range .. 1.5A(J-1)—10A(J-2) 
Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 

Voltage Drop:<.<.....<. 1.25 
Approx. Weight 

(Ounces)en su. so <2 OZ 


SPECIFICATIONS 
D. C. Current 

Range ..... 1.5A(L)—5A(LF) 
Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 


Voltage Drop ........ 1.5V 
Approx. Weight 
[unces)) Since so 230 OZ. 


SPECIFICATIONS 


D. C. Current 


Range ...... 20A to 200A 


Peak Inverse 


Voltage Range 50V to 400V 


Approx. Rectifier 
Voltage Drop ....... 1e25V 


Approx. Weight 
(Ounces). . 1.3 oz. to 7.0 oz. 


SPECIFICATIONS 


D. C. Current 
Range. . .25A(HW)—.75A(FW) 


Peak Inverse 
Voltage Range 1600V to 4500V 


Approx. Rectifier 


Voltage Drop..... 8V to 10V 
Approx. Weight 
KUN CES) oi 6) voor 4 oz. to 8 oz. 


LOW CURRENT 
SERIES 


K SERIES 
M SERIES 


HERMETICALLY 


SEALED SERIES 


SM 
SERIES 


Write, wire or phone for complete information 


ARKES TARZIAN, INC., RECTIFIER DIV., Dept.sP-4 415 N. College, Bloomington, Ind. 
In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 @ Export: Ad Auriema, Inc., New York City 
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Many More! 


SPECIFICATIONS 


D. C. Current 

Range ..... .15A(M)—.2A(K) 
Peak Inverse 

Voltage Range ...... 360V 
Approx. Rectifier 

Voltage Drop ........ 1.5V 
Approx. Weight 

(Ounces) (224. Fate oa sLUOZ- 


SPECIFICATIONS 
D. C. Current 
Range ..... .5SA(M)—.75A(K) 


Peak Inverse 
Voltage Range 100V to 600V 


Approx. Rectifier 


Voltage Drop ........ 1.5V 
Approx. Weight 
(Ounces) sos. tees <2 1OZk 


SPECIFICATIONS 
D. C. Current 
Range 2s. -45. 5A to 15A 


Peak Inverse 
Voltage Range . . 50V to 600V 
Approx. Rectifier 


Voltage Drop ........ Iso. 
Approx. Weight 
(Ounces).. .15 0z. to 1.5 oz. 


SPECIFICATIONS 


D. C. Current 

Range...... .325A to .45A 
Peak Inverse 

Voltage Range 800V to 2800V 
Approx. Rectifier 

Voltage Drop .... 2V to 15V 
Approx. Weight 


(Ounces) .... .30z. to .9 oz. 


RITE ORRIN a 


ml? 


ANSISTO 
FOR IR MOD 


spancut nn 


wart ® 


pyrene, ASU ggFASHIOE 


aNSIMULATOR 


’ circuit DESIGNING 
per LFf-! 


Leek 


rie ae 


company 


oe 8 


gar 


Eliminate 


co -Breadboard Layout! 
oF TRANSISTOR CIRCUITS 


h the SPRAGUE TRANSIMULATOR | 


Bring transistor circuits to life in a matter of minutes 
with the Sprague LF-1 Transimulator. This new 
instrument lets you simulate any amplifier stage, a-c or 
direct-coupled, short of high power audio output; also 
multivibrator, switching, phasing, push-pull, Class A 
and B, and many others using cross-coupled Transimu- 
lators ... whether the circuit is common or grounded 
emitter, base, or collector... whether the transistors 
are PNP, NPN, or Surface Barrier. You can simulate 
Circuits stage-by-stage for cascade operation ... or use 
a separate Transimulator for each stage to get simul- 
taneous multi-stage operation. 


Pays For Itself In A Matter Of Weeks 


Everything you need for RC amplifier circuits is built 
right into the LF-1, including coupling capacitors . 
bias and load resistors ... battery voltage supplies .. Soe 
Base Collector— Voltage Divider stabilization circuits 

. 5-way binding posts for transformer coupling and 
metering. 

Whether you’re designing audio circuits or switching 
circuits, you ll getatrue picture of operating parameters 
minutes after you’ve drawn the circuit diagram... 


without wasting valuable time with breadboard and 
soldering gun. 


Bring Circuit Diagrams To Life In Minutes 


An ideal laboratory instrument, Transimulators are 
inexpensive enough to justify several on every bench. 
You can even use the LF-1 to test transistors in the 
circuit...the only real proof of design parameters. 
And a complete step-by-step instruction manual makes 

operation fast, simple, and easy. 


FEATURES OF THE LF-1 TRANSIMULATOR 


TRANSISTORS—PNP and NPN Junction, and Surface Barrier. 

CIRCUITS—Common or Grounded Emitter, Base, Collector. 

RANGE— Audio, up to 100 kc. 

TRANSISTOR POWER—Through medium power audio output. 

BATTERY SUPPLY.—Separate bias «nd load. 1.5, 3, 4.5, 

6 volts d-c. Polarity Reversing Switch. 

COUPLING —2 uf and 20 uf Direct, and Ext. C. posts, 

on both Input and Output. _ 

e BIAS RESISTANCE—Up to 555,000 ohms continuously 
variable. 

e LOAD RESISTANCE—Up to 277,500 ohms continuously 
variable. 

e EMITTER RESISTANCE—Up to 2,500 ohms variable. Series 
resistor and bypass capacitor can be added. 

e BASE COLLECTOR STABILITY —Up to 250,000 ohms 
variable. Series resistor and bypass capacitor can be added. 

e VOLTAGE DIVIDER STABILITY —Up to 50,000 ohms variable. 

e 5-WAY BINDING POSTS—For meters, transformer 150) 


external supply voltage, $ 950 
only , es 


degeneration, bypass, 
coupling, signal inputand 
output, almost any con- 
nection required. 


SPRAGUE 


SPRAGUE PRODUCTS COMPANY, NORTH ADAMS, MASSACHUSETI 
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